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E-I hermetically sealed terminations and custom sealed 
components have proven their ability to withstand the 
extreme environments encountered in today’s critical 
applications. In addition to their complete dependability 
in all types of commercial and military service, E-I 
offers engineers wide design latitude . .. a complete line 
of standard seals, custom design service on “specials” 
...and custom sealing of components of your own 
manufacture. Check your next seal requirements with 
E-I, or request catalog on standard terminals, now! 
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Snap-in spring-loaded 
contacts for quick- 
disconnect or perma- 
nent connection. 
Modules—2 or 4 tier 
—snap together or 
apart for extreme 
flexibility. Contacts 
are solderless crimp- 
type. Up to 30 
modules per foot 

of track. 


MODULOK 


TERMINAL BLOCKS 


with solderless contacts and interchangeable modules 


COAX 
MODULOK 


| On ola iy a 














Same flexibility as 
regular MODULOK. 
Completely crimped 
contacts. Snap-in to 
insert. Press spring- 
loaded latch to 
release. Up to 30 
modules (90 coax 
connections) per 
foot of track. 
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ROTARY rcs, SWITCHES 


Max 
dia. a 


mounts 
in 42” hole 


FOR 
ELECTRIC 
CIRCUITS: 


TyPeE JL rotary switch is a 
low-power switch with an elec- 
trical rating of 5 amperes, 125 
volts a-c. A maximum of eight 
positions — up to ten sections 
— are controlled by a single 
knob. This type permits un- 
limited rotation in both direc- 
tions but can be limited to any 
number up to eight positions 
by two stop screws. It is de- 
signed for single-hole panel 
mounting. Meets MIL-S- 
21604 and BuShips Drawing 
Number 9000-S6202-74422. 
Write for free Bulletin 101-A 
containing comprehensive data. 








ACTUAL 
SIZE 





FOR 
ELECTRONIC 
CIRCUITS: 


TyPE MA-12 is a minia- 
ture rotary switch with an elec- 
trical rating of 3 amperes, 115 
volts a-c, A maximum of six 
contact positions — up to five 
sections — are controlled by a 
single knob mounted on a 4” 
shaft. Rotation can be un- 
limited in both directions but 
can be limited from two to 
twelve positions by two stop 
screws. This type rotary switch 
mounts in %4” square, single- 
hole panel mounting. Designed 
to meet MIL-S-3786. 


ESCO has a broad line of other standard rotary switches with 
electrical ratings up to 200 amperes. Parts of these standard switches 
may be assembled in a different manner in order to meet unusual or 

highly specialized circuit control requirements. 





These special combinations may comply with 
BuShips Drawings and MIL-Specifications. Write 
for Bulletin 8-A giving detailed information. 
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MAGNETIC SHAFT-POSITION DIGITAL ENCODER 


New Pick-off Design Removes Limitation On Resolution 


Magnetic shaft-position digital encod- 
ers have the important advantages that 
characterize electromagnetic devices: 
they are simple, rugged, inexpensive 
units with practically unlimited life 
and effectively no temperature limita- 
tions. Their only non-ideal character- 
istic has been resolution. Minimum 
bit width has been limited by the mini- 
mum width of an effective magnetic 
pick-off core. 

Engineers at Machine Tool Auto- 
mation, Inc., Southport, Conn., apply- 
ing techniques they say are well 
known to electromechanical engineers 
experienced in design of electromagne- 
tic devices, have developed a magnetic 
encoder with a pick-off core so narrow 
that it no longer limits resolution. 
Their present model is a 3-15/16 inch 
diameter encoder with a resolution of 
21°, which is equivalent to a 0.012 
inch quantum width on the outermost 
code disc track. They are working on 
a design expected to have a quantum 
width of 0.00075 inch. The limiting 
factor in this design, they say, will be 
in the fabrication and aligning of the 
code disc. Problems in this new de- 
sign, then, will be similar to those in 
design of photoelectric devices where 
exceedingly high resolutions have been 
achieved. 


ENCODER OPERATION 


In describing the operation of the 
magnetic encoder we will assume a 
general knowledge of how a _ brush- 
type encoder works. The code disc 
patterns consist of concentric tracks 
each representing a binary digit. The 
least significant digit track is at the 
circumference and the most significant 
at the center. In the brush type en- 
co#er, each track is divided into seg- 
ments which provide either a conduct- 
ing or nonconducting path to the pick- 
off brush associated with the track. In 
the magnetic unit each track is divided 
into alternate segments of soft mag- 
netic material and holes which pro- 
vide either a conducting or noncon- 
ducting flux path in a magnetic pick- 
off circuit. Fig. 1 illustrates the design 
and operation of the magnetic circuit. 
On the pick-off core are two windings. 


One winding is excited by an alternat- 
ing current tending to force flux 
through the magnetic circuit. The 
amount of flux that flows depends on 
the reluctance of the path as deter- 
mined by whether a solid segment or 
a “hole” segment of the code disc 
track is under the pick-off core. The 
second winding generates an output 
voltage proportional to the flux flow 
in the pick-off core. Thus the pick-off 
reads the binary code on its code disc 
track at the tip of the pick-off. 


THE DESIGN 


The major problem in the magnetic 
circuit design was obtaining sufficient 
contrast between the output signal for 
a “one” and for a “zero”. This problem 
involved design of the pick-off core 
which, as has been said, was a critical 
factor in the objective of fine resolu- 
tion. In the first experimental model, 
flux leakage in the magnetic circuit 
when the pick-off core was over a 
“hole” segment in the code disc track 
resulted in an output signal indistin- 
guishable from that for a solid seg- 
ment. This leakage flowed from the 
sides of the pick-off core to the disc. 
Although the flux density of the leak- 
age flowing through the high reluc- 
tance air path is very small, it nonethe- 
less can be of major significance be- 
cause of the large leakage areas in- 
volved compared to the area of the 
pick-off tip. Fig. 2 compares perform- 
ance of the first experimental encoder 
without leakage control with that of 
the final production design. 

Originally manufacture of the mag- 
netic code discs was a problem be- 
cause no one in the photo etching 
business was experienced with them. 
But now these people are familiar with 
the process, they can produce discs eas- 
ily by the hundreds. 

An important characteristic of mag- 
netic code discs is that flatness is not 
critical as it is in brush code discs. 
As a result magnetic discs are inex- 
pensive to produce. 

Ruggedness of the magnetic circuit 
of the encoder and absence of any 
brush contacts or electronics or light 
emitting and sensing components 
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PICK-OFF CORE 


Operation of the encoder magnetic cir- 
cuit. The upper diagram illustrates the 
high reluctance of the flux path when 
a “hole” segment of the code disc track 
is under the tip of the pick-off core. The 
lower diagram shows the low reluctance 
path when a segment of soft magnetic 
materia! is under the tip. The problem 
in the design was to minimize flux leak- 
age in the high reluctance path. 
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make the unit simple and _ reliable 
Quoted temperature limits for the 2" 
unit are —65 to +150C but thes 
limits can be extended. 
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THE LIQUID LOCK FOR METAL PARTS 
... Improves fastener reliability and reduces costs! 


LOcTITE sealant makes ordinary fasteners into lock fasteners at savings of 40%-70%. 
Locking action extends over the eritire engaged area providing unequalled resistance 
to vibration ...ends breakdowns due to loosening of fasteners. A single drop of 
LocTITE replaces all sizes of lock nuts, lock washers, lock screws, jam nuts, staking 


and interference threads. 
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~- ELIMINATES LOCK WASHER OR 
SELF-LOCKING SCREW 





Makes ordinary screws into lock screws. Several 
times the holding power at savings of $20, M. 


~ ELIMINATES SELF-LOCKING 
NUT OR JAM NUT 


Locks non-seated nuts anywhere along the length 
of thread. 














“ELIMINATES INTERFERENCE FIT 


Locks studs securely ... locking action develops 
after stud is in place . . . allows easy-driving Class 
2 threads. End stripped threads, broken studs, 
damaged castings. 


~ELIMINATES DOUBLE SET SCREWS, 
SELF-LOCKING SET SCREWS, JAM 
NUTS ON EXTENDED SET SCREWS 
OR STAKING 


) LOCTITE-treated set screws cannot vibrate loose 
... end nuisance service calls. 





SRL sat 









~ELIMINATES SELF -LOCKING 
NUT OR LOCK WASHER 


Makes any nut a lock nut. Saves 40%-70%. Holds 


securely where lockwashers fail. Does not depend 
on tightening torque for locking action. 


“ELIMINATES SPECIALS OR STAKING 


Makes any threaded part self-locking. 


~ ELIMINATES BLIND 
HOLE TAPPING, SPECIAL 
LEAK-PROOF FASTENERS 


LOCTITE locks and seals threaded parts against 
vibration and high-pressure fluids. 





~ ELIMINATES SELF-LOCKING 
SCREW OR JAM NUT 


Get the right setting the first try... no backlash 
LOCTITE provides the proper amount of drag to 
hold adjustment securely. Permits repeated ad- 
justments. 
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Labor savings are obtained when several days 
supply of threaded parts are treated by tumbling 
with LoctITE Sealant. Treated parts store for days, 
lock only when assembled. Smaller quantities may 
be tumbled by hand in polyethylene bags. Parts 
may be individually treated using applicator 
nozzle on LocrtiTE bottle or by using continuous 
feed tube. Parts may be treated after assembly, 
LoctiTE wicks into threads by capillary action. 


LOCTITE Kit No. 10-10 


Contains 10 grades of Loctite sealant specially put 
up to assist engineers in determining proper grade of 
Loctite in product development and for general experi- 
mental work. By selection of proper grade, the designer 
can apply a pre-determined amount of locking torque. 


Write for literature and free sample capsule 


LOCTITE Sealant is easy to apply...simple to automate 


LoctITE is a thin liquid that hardens into a tough 
heat and oil-resistant seal when confined between 
closely fitting metal parts. It requires no heating or 
mixing . . . does not air dry. LocriTE comes fully 
prepared . . . stores for years . . . hardens only 
when treated parts are assembled. Ten grades pro- 
vide any desired torque to all sizes and types of fas- 
teners. LocTITE-treated fasteners may be removed 
with ordinary tools... fasteners may be re-used. 











LOGTITE seEALanr 


AMERICAN SEALANTS.COMPANY e 109 WOODBINE ST., MARTFORD 6, CONN. 
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Mecha 
Elimin 
MACHINE MOVEMENT CONTROL A dig 
Packaged Switch Saves process 
Design Time encodit 
| A new standardized line of packaged” sure o 
| electromechanical switching units elimi} > pletely 
nate the need for individual design of elimina 
actuator mechanisms in the electrical) _ 
control of linear machine movements, (FLO 
The design provides self-contained! Te 
switching units in which two two-cir 
cuit double-break snap action switche} 
are operated by adjustable cami 
mounted on a rigid, heavy-walled slidj)  excover 
ing actuator tube coupled to an any 
cylinder or sliding machine member}) (> 
Movement of the cylinder operates th¢ ‘2 
switches at pre-set points and control) =” 
machine members operated electrically To 
through the switches. eel 
Utilization of standardized actuatog — Prnrer 
bars and cams give closer alignment j CARD 
relation to the mounted switches, an aaaes 
fone eR less deflection in the internal action 
x the switches resulting in longer lif 
Yi Designed for wiring through a sin 
conduit, the switch parts are enclos¢} Sehem: 
within a rigid cast housing of alumni betweer 
amplifi 
ne Fe servos, 
oR fiers, 0 
INDISPENSABLE | ie Elimin: 
; a ‘ers inst 
¥ : fand in 
for jet engine rectly | 
the tra 
F i : 5 a preci: 
vibration monitoring be com 
read-ou 
CEC’S VIBRATION PICKUPS am 
On jet airliners in flight...or in engine test cells... the dys 
slightest hint of unbalance in a jet engine is detected element 
immediately by CEC Vibration Pickups. type of 
Three types are offered: the omnidirectional- mounted + ai eect oe 
4-123, the horizontal 4-121, and the vertical 4-122. All Packaged electromechanical switch di ine 
penses with the need for individual os 
feature constant damping over the operating tempera- sign of actuator mechanisms and lowe Outp 
ture range of —65°F. to +500°F. These hermetically | costs since there is no need to custog measur! 
, ion ee : make actuators formerly manufactur@ force | 
sealed pickups function perfectly in oily, corrosive, and for a particular application. Desig forces ; 
humid atmospheres. Each weighs only 4.25 ounces. permits installation costs to be cut sin? mechan 
For complete information, call your nearest CEC sales aera heal eee ee 7 a 
and service office, or write for Bulletin 1596-X12. lation on either square cylinders, row Hotion 
cylinders or machine slides. f . 
xed in 
num; open switch terminals are alwa} change 
ae (3 covered by an insulating sub-com than 0.( 
Transducer Division +—(> plate that protects operator from sho} mechan 
when cover plate is removed for cif and ful 
| adjustment. from 1 
CONSOLIDATED ELECTRODYNAMICS /360 sierra madre villa, pasadena, california |, Linear Controls Co., Skokie, IN sta the dri 
‘ that five standard units are availall is comp 
for specific stroke length requiremenl ered by 
FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 0-4”; 0-8”; 0-12”; 0-18” and 0- Digit 
CIRCLE 4 ON INQUIRY CARD Circle No. 89 on Inquiry Card mechani 
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ONTROL | 
A digital transducer that measures | 
process variables and provides digital | Wy 
encoding for flow, liquid level, pres- | \\ 
packaged sure or temperature employs a com- \ 
nits elimi | pletely mechanical force amplifier that \NS eta 
design of eliminates the need for electronic \\ fastening 
electrical) MEASURING ELEMENT rm 
vements, (FLOW, PRESSURE, site Dam a 
contained! TEMPERATURE) =~” 
0 two-cir | After 
l switch # fastening 
le camiy 
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Schematic illustrates the relationship 
between the measuring element, force 
amplifier, and analog digital converter. Jv PREVENTS R/F LEAKAGE 
Metal-to-metal contact with “engraved 
fingers” on inside surfaces assures 
electrical continuity. 


PROVIDES NO-LEAKAGE SEALING 
Controlled confinement of seal gland 
assures Safe, sure, positive sealing — 
exceeds top hermetic specs! 


ELMINATES ARCING AND/OR BURNING 


Designed to exacting requirements for 
proper mating of flanges as specified. 


CAN BE RE-USED 


Seal is never “squeezed” beyond 
elastic limits, “memory” is constant, 
before, during and after fastening. 


ECONOMICAL 


Eliminates cleaning or resurfacing 
flanges, no intricate machining required 
to accommodate the seal, and they're 
resuseable with just normal care 





servos, vacuum tubes, magnetic ampli- 
fiers, or other electronic components. 
Elimination of these components low- 
ewmf ers installation and maintenance costs 
— ‘and increases reliability. Actuated di- 
‘rectly by standard measuring elements, 
the transducer positions the shaft of 
a precision encoder whose output may | 
be connected to a translater for visual 
read-out of other equipment for print- 
out, data handling or control. 

The heart of the unit is the mechani- 
cal force amplifier which can be actu- 
ated directly by a primary measuring | 
element such as a mercury or bellows 
type of manometer for flow or liquid 
level, a Bourdon tube for pressure, or 
a filled thermal system for tempera- 











switch di 


i mo i STANDARDS FOR W/R SERIES 

and low@ Output forces from these primary v /R 

to custo} Measuring elements become the input eae eens a standards 
mufactur¢ force to the force amplifier. Input to WR series Wave Guide tlanges, 


4 assuring adequate supply and economy. 
m. Desig) forces can be less than 1 gram. The a Pply y 


be cut sit® mechanical amplifier increases _ this 
pers force up to 500 times. The linear out- guide flange seals, Parker Seal Company 
Bes: a put motion is identical to the input also makes special seals to meet almost 
’ motion within 0.001 inches. With any any specification or configuration. A nation 
we input position, a 200 gram load _ — of field engineers are available 
0 aid in expediting your requirements. 
are alwa] change causes an output error of less >> For more complete information send for 
sub-com} than 0.002 inches. Useful travel of the ( <6) catalog 5801. : 
from sho} mechanical force amplifier is 2 inches = 
ed for cl and full scale travel time is variable 
from 1 to 20 seconds depending upon 
ie, Ill. staf the driving speed. The force amplifier 
e availall is completely mechanical and is pow- 
quiremen} ered by a small electric motor. 
and 0- Digital transducers employing the 
Card mechanical force amplifier are avail- CIRCLE 5 ON INQUIRY CARD 
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TEXAS INSTRUMENTS INCORPORATED 


simplified this electronic assembly | 





to this 





O 


by using one 
HEL LOM” SCREW-LOCK INSERT* 


Radar assembly made lighter - simpler - stronger 


With only a minor redesign of the 
magnesium housing—using one 
Heli-Coil Screw-Lock Insert — Texas 
Instruments simplified this complex 
6-piece closure assembly to a simple 
plug and O-ring. In this and other 
Texas Instruments applications 
involving closures, supports and 
assemblies with threaded fasteners, 
Heli-Coil stainless steel wire thread 
inserts save weight, space and manu- 
facturing costs, permit extensive use 
of light-weight mag- 
nesium with strong 
steel threads. 
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HELI-COIL CORPORATION, 2709 Shelter Rock Lane, Danbury, Connecticut 


I'd like more information on Heli-Coil Screw-LOCK Inserts 


NAME 


Heli-Coil Screw-Lock Inserts, made 
of 18-8 stainless steel, provide an 
internal lock, are easily installed, 
eliminate need for lock nuts, lock 
wiring and... 


@ positively lock screws against loosen- 
ing under impact or vibration 

@ prevent thread wear, stripping, cor- 
rosion, galling and seizing 

@can be used in standard proportion 
bosses without need for redesign 

@ permit repeated disassembly and re- 
assembly for inspection or service 

@ simplify screw assembly at inaccessi- 
ble locations 

@ meet government specs for locking 
torque and vibration 


*Patented 


TITLE 





FIRM 





ADDRESS 





CITY. 


@ 1585 


ZONE STATE 
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mp HELI-COIL CORPORATION 


DANBURY, CONNECTICUT 


ee 


IN CANADA: W. R. WATKINS CO., Ltd., 41 Kipling Ave., S., Toronto 18, Ont. 
CIRCLE 6 ON INQUIRY CARD 
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COMPONENTS DESIGN 
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Force amplifier consists of two parallel 
ro'lers with a ring encircling one roller, 
a yoke to control the ring’s position, 
and a follower which contacts the ring 
between the rollers. Tension springs 
maintain friction contact between the 
rollers and the ring, and transmits 
motion from the ring to the pressure 
roller. Input motion, applied to the 
control yoke, tilts the ring causing it 
to move latera'!ly along the rollers 
under the action of the driving roller 
similar to the action of a lead screw. 
Lateral motion of the ring is imparted 
to the follower and carriage, located 
between the rollers, which transmits 
the output force. When the control 
yoke moves to a new position and 
stops, the ring moves laterally along 
the rollers and assumes a_ balanced 
position directly be'ow the yoke’s con- 
trol point. In comparing the force 
amplifier to a lead screw, note that 
the angle of tilt of the yoke corre- 
sponds to the pitch of the lead screw. 
As the ring moves towards a balanced 
position the pitch (angle of tilt) be- 
comes progressively smaller. Since the 
driving speed is constant, the output 
force becomes progressively larger as 
the pitch approaches zero. Thus the 
amplifier develops its maximum force 
at the balance or known position, with 
the force limited primarily by the 
friction between the ring and _ the 
rollers. 











able in vacuum and pressure ranges to 
10,000 psi, temperature ranges to 600F, 
and in mercury or bellows type man- 
ometers for liquid level or flow appli- 
cations. These transducers are con- 
servatively rated according to Ameri- 
can Meter Co., Inc. with an accuracy 
of plus or minus 1% of span. Repro- 
ducibility is better than plus or minus 
0.5% of span. 
Circle No. 77 on Inquiry Card 





WORTH FILING 
Metal stampings and Wire Forms 


Complete specifications and _ illustra- 
tions on lugs, clips, terminals and other 
standard parts. 


Source: Zierick Mfg. Co. 
Rochelle, New York 
For your copy: Circle No. 161 on Inquiry Card. 


ELECTROMECHANICAL DESIGN 
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To ELECTRO-MECHANICAL ENGINEERS 
who are interested in 
designing and developing 


The Hughes Systems Development Laboratories 
have dozens of openings for Electro-Mechanical 
Engineers ...to design hardware to meet the 
severe environments of space vehicles, 
missiles and all-weather interceptors. This 
is an opportunity for design engineers to 
utilize their ingenuity and creativity in the 
development of complex precision electro- 
mechanical devices which must be highly 
efficient and reliable. 


These positions provide, perhaps uniquely, 
for individual professional satisfaction 


through participation in the performance 
analysis of your own creations. 


Some of the areas of assignment are: 


e Infra-red Devices 

e Digital Computer Devices 

e Gyroscopic Guidance Devices 
e Inertial Guidance Devices 

e Flight Simulator Equipment 
e Missile Control Devices 

e Antenna Control Devices 


Ideally, applicants should have at least two 
years of practical professional mechanisms 
experience and an accredited E.E., M.E., 
or Physics degree. 


If you feel that you can contribute, please 
airmail your resume to: 


Mr. Robert A. Martin, Supervisor Scientific Employment 


HUGHES RESEARCH AND DEVELOPMENT LABORATORIES 
Culver City 75, California 


© 1959, HUGHES AIRCRAFT COMPANY 


1. Portion of Navigational Display Mechanism 
2. Flight Interrupter 


3. Reticle Frame for Navigational Display 
4. Experimental Magnetic Memory Drum 











COMPONENTS DESIGN 


MOTOR BRUSH HOLDERS 


Constant-Force Brush Springs 
Minimize Brush Wear 


In all rotatiig electrical equipment 
brush pressure is probably the major 
influence on the rate of brush wear. 
Excessive friction caused by unneces- 
sarily high brush pressure accelerates 
mechanical wear while insufficient 
pressure gives poor contact, causing 
sparking and heating to increase elec- 
trical wear. Ideally, brush pressure 
should be maintained at a constant, 
optimum value throughout brush life. 

Relationship between unit pressure 
and frictional and electrical wear rates 
of carbon brushes are shown in Fig. 1. 
It can be seen that increasing brush 
pressure reduces electrical wear but in- 
creases mechanical wear. Obviously the 
best design is to select a brush pressure 
correponding to the minimum point on 
the combined wear curve. However, 
this is difficult to accomplish with con- 
ventional brush springs. 

Normally the designer selects a high- 
er pressure as the design pressure when 
using conventional springs. As _ the 
brush wears, the deflection of the 
spring changes and the force the spring 
exerts decreases. As the brush continues 
to wear, the constantly diminishing 
contact pressure reaches, for a brief pe- 
riod, the actual optimum value. How- 
ever, the brush continues to wear, and 
the pressure exerted by the spring con- 
tinues to decrease. Thus electrical wear 
progresses at an increasing rate until 
arcing occurs. 


Combined weor curve 


Design point 
(Conventional of 
spring ) Xap 


R) 
i eOs y 
we 

| 


Design point 
(Neg'ator spring) 





Rate of wear 


Electrical wear 
| 
ign, ae 
! 


l 
Unit pressure onbrush 











Fig. 1—Combined rate-of-wear curve is 
the sum of the electrical and mechan- 
ical rate-of-wear curves. Optimum 
brash pressure is the minimum point 
on the combined curve. Use of con- 
stant-force brush spring enables de- 
signer to specify optimum brush pres- 
sure with assurance that it will remain 
constant throughout brush life. 
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Fig. 2—Easily replaced cartridge-type 
brush ho'ders are used in many mo- 
tors. 
spring replaces 
pression spring. Its base is fastened 
to the back of a supporting plate and 
the coil 
opening to contact the brush. Brush, 
plate and 
moved from the cartridge. 


Here the constant-force brush 
a conventional com- 


projects through a slotted 


spring are all easily re- 
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Fig. 3—Small clearance above the 
brush is a particular problem in many 
motors, The problem of how to apply 
brush pressure in such cases is simply 
and effectively solved with this saddle 
type arrangement (Fig. 2a) by which 


This occurrence can be remedied only 
by frequent spring adjustments, intro- 
ducing complications into the brush 
holder design and adding the risk of 
human error without any assurance that 
optimum contact pressure will be main- 
tained for more than a small fraction 
of the operating period. 

Recently the constant-force or zero- 
gradient spring, called the “Neg’ator” 
by its manufacturer, Hunter Spring Co., 
Lansdale, Pa., has provided the design- 
er of both large and small electrical 
motors with means of obtaining opti- 
mum pressures throughout brush life. 
A coil of prestressed spring material, 
the constant-force spring, is capable of 
undergoing very large linear deflections 
with negligible build-up of the restrain- 
ing force. Thus, spring force is effec- 
tively maintained constant throughout 
the spring’s return stroke. 

In general, the following improve- 
ments in brush life and performance 
have been experiencd with constant 
force springs in all types of motors and 
generators: 

e Constant brush pressure on commu- 
tator or slip rings at all times with a 
minimum of service checks and adjust- 
ments. 

e Decreased brush wear. In addition, 
because of simplified brush holder de- 
sign, more space may be available for 
longer brushes. 


the force of two small Neg’ator springs 
is applied. This saddle design, in which 
the two springs are formed of one con- 
tinuous strip of material, is very adapt- 
able to a cartridge type holder (Fig. 2). 


e Elimination of burned brushes or 
scored ringes resulting from excessive 
or insufficient brush pressure. 

e Reduction of electrical wear caused 
by arcing. The spring also exhibits ef- 
ficient tracking at speeds considerably 
higher than the break-contact speed 
of conventional springs. This is due to 
the low mass of the active material and 
apparent absence of any harmonic fre- 
quency. 

e Simplified design of both brush 
spring and brush holder assemblies. 
Auxiliary parts such as lever arms and 
spring adjustment assemblies are re- 
placed by a simple back-up plate in 
most designs. Mounted on brackets or 
studs the compact holders reduce 
crowding on bracket arms, facilitate 
maintenance and inspection and permit 
mounting of additional brushes on the 
same commutator ring. 

Figures 2 and 3, showing actual con- 
stant-force brush spring assemblies in 
fractional horsepower motors and small 
generators, illustrate these basic points 
of improved design and performance. 
They also show the ingenuity exhibited 
by designers in using the physical char- 
acteristics of these unconventional 
spring forms, chiefly in the reduction 
of parts used and in facilitating the re- 
moval and replacement of brushes and 
brush springs. 

Circle No. 78 on Inquiry Card 


ELECTROMECHANICAL DESIGN 
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fhomas A. Edison Industries 


BER 1959 


THOMAS A. EDISON 


OFFERS YOU SINGLE SOURCE RESPONSIBILITY 








FOR SUB-MINIATURE ELECTRO-MECHANICAL SYSTEMS 


This sub-miniature, servo-gear train system is 
designed and manufactured by Edison for use in 
airborne or ground support equipment. It is one 
example of Edison’s unique ability to supply 
electro-mechanical systems in one integrated 
assembly. 

Weighing only 9% ounces this system contains 
gear train assembly, linear transformer, control 
transformer and motor generator. Systems such 
as these can be side or in-line mounted or made 
in any configuration to meet your requirements. 

Edison has complete facilities for designing 
and manufacturing magnetic amplifiers, comput- 
ers, transducers, miniature relays servo-motors 
and gear trains. Unlike other companies who 
must rely on outside suppliers, Edison offers 
you single source manufacturing and design re- 
sponsibility. This is backed by one of the most 
complete research laboratories in the country, 
where experienced Edison engineers carry on a 
continuing program in search of new and im- 
proved state of the art designs. 

Let the Edison team be your single source for 
servo components and electro-mechanical systems. 


INSTRUMENT DIVISION 


68 LAKESIDE AVENUE, WEST ORANGE, N. J. 
EDISON ENGINEERING OFFICES ARE LOCATED IN: CHICAGO; DALLAS; DAYTON; LOS ANGELES 
CIRCLE 7 ON INQUIRY CARD 
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New from HOWARD...a Complete 


e UNIVERSAL 


Shown on these pages are just a few of Howard’s gear 
motors. Thousands of combinations and ratios are avail- 


e SHADED POLE able in universal, shaded pole and induction types. If your 


° INDUCTION 


product requires gear motors, check today for complete 
information. Give us details of your application and quan- 
tities required and we will be happy to submit samples and 


R atios fr om 3 Fy | to 2 7 00: I quotations or more information on standard types available. 
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MODEL 300 
TYPE: Two Pole Shaded Pole AC — 
3200 R.P.M. 
WIDTH: 2-15/32". LENGTH: 3-7/8”. 
MAXIMUM CONTINUOUS TORQUE OZ. 
IN. Ph 11/16” Stacking Length). 
*1 RPM 500 oz. in. 
*150 R.P.M. 3.3 oz in. 
MAXIMUM INTERMITTENT TORQUE OZ. 
IN. (at 11/16” Stacking Length ). 
*1 R.P.M. 750 oz in. 
*150 R.P.M. 5 oz. in. ti 
VOLTS: 12 to 115. 
BEARINGS: Porous bronze sleeve bearing 
with oil reservoir. 
*Torques at intermittent speeds are in- 
versely proportional to s 


MODEL 2500 
TYPE: 2 or 4 Pole Induction. 
DIAMETER: 2-9/16” square. 
LENGTH: 1-7/8” to 2-3/8". 
SPEED: *1200 to 3600 R.P.M. 

.P.: 1/300 to 1/1400. 
MAXIMUM TORQUE oz. in. *1.6 to 3.5. 
BEARINGS: *Ball or sleeve. 
*Dependent on type of motor used; i.e. 
Non-Synchronous Capacitor Motors, 
Torque Motors, Standard Synchronous 
Motors, Hysteresis Synchronous Motors. 
GEAR HEAD: Ratios from 6:1 to 3600:1. 
Torques up to 300 in. oz. at low speeds. 
Range of output speeds from Y2 r.p.m. 
to 600 r.p.m. 
Spur gears are used throughout. The high 
speed pinion, cut on the rotor shaft, 
assures extreme accuracy, and maximum 
strength is achieved by supporting the 
— shaft in large, solid bronze Fee, 
ings. 














MODEL 2400 
TYPE: 4 Pole Induction. 


MODEL 3000 Cy DIAMETER: 2-9/16" square. 


e LENGTH: 2-3/8” to 3”. 
with GEAR UNIT SINGLE PHASE CAPACITOR MOTOR: 
TYPE: 2 Pole Shaded Pole. Maximum Torque oz. in.—1. 
DIAMETER: 3-7/16". Full Load Speed R.P.M.—1150. 


Bearings—RBC—Ball. RWC—Sleeve. 


* * ” a Ld 
LENGTH: 3-5/8” to 4-1/2”. TWO PHASE MOTOR: 


MAXIMUM CONTINUOUS TORQUE* 1 ; T an 
R.P.M. (at 1-1/2” Stacking Length): “yyw thas oe. See 
45 in. Ibs. Bearings: RBT—Ball. RWT—Sleeve. 
MAXIMUM INTERMITTENT TORQUE* 1 BEARINGS: Porous bronze sleeve type with 
R.P.M. (at 1-1/2" Stacking Length): oil reservoir, or grease sealed ball bear- 
70 in. Ibs. ings. 
BEARINGS: Porous bronze sleeve type GEAR UNITS: Ratios 6:1 to 3600:1. Spur gears 
with oil reservoir. throughout. The high speed pinion is cut on 
*With external fan. Torques at other the shaft, assuring accuracy and concen- 
speeds from 1 to 400 rpm available tricity, and maximum strength is achieved 


by supporting the output shaft in large por- 


nr st. i 
upon reque ous bronze bearings. 





MODEL 29-500 





with GEAR UNIT 
MODEL 2900 TYPE: Universal AC/DC or Shunt. 
with GEAR UNIT DIAMETER: 3-5/16”. 
TYPE: 2 Pole, 4 Pole Induction. LENGTH: 7-13/64" to 7-37/64"". 
DIAMETER: 3-5/16”. SPEED: 5000 to 10,000 RPM. 
LENGTH: 7-5/64" to 8-11/64". sr I dei to 1/4 depending on length 
of stacking. 
ging he Sy cour hve fos: wow wane TORQUE OUTPUT: Up to 60 in. Ibs. de- 
nous, Standard Synchronous, Hysteresis pending on ratio. 
Paap or Torque. BEARINGS: Permanently lubricated and 
: 1/70 to 1/15 depending on length sealed ball bearings. 
“i stacking. RATIOS: 10:1 to 60:1. 


TORQUE OUTPUT: Up to 60 in. Ibs. de- 
pending on ratio. 

BEARINGS: Permanently lubricated and 
sealed ball bearings. 

RATIOS: 10:1 to 60:1. 


ELECTROMECHANICAL DESIG 
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MODEL 1050 
OUTPUT SPEEDS—1 rpm and up. 
GEARS—Molded nylon in high-speed for 
quiet operation, stamped, cut or sintered 
in low-speed section. 
BEARINGS—Sintered porous bronze with 
large oil reservoirs for assured self lubri- 
cation. 

MOUNTING—Front only; choice of ten 
holes tapped as required. 

ROTATION— Unidirectional (CW or CCW). 
SHAFT—3/16 in. dia. std. with length to 
meet requirements. 








MODEL 1070 
OUTPUT SPEEDS—30 rpm and up. 
GEARS—Molded nylon in high-speed. sec- 
tion for quiet operation; stamped, cut or 
sintered in low-speed section. Also avail- 
able, when specified, with cut gears 
throughout. 

BEARINGS—Sintered porous bronze with 
large oil reservoirs for assured self-lubri- 
cation. 

MOUNTING—Front only; choice of three 


line of Fractional H.P Gear Motors 


2 POLE, DOUBLE BEARING 





MODEL 1150 


OUTPUT SPEEDS — 60 rpm — other gear 
trains for different output speeds avail- 
able, state requirements. 
GEARS—Molded nylon in high speed sec- 
tion for quiet operation. Stamped, cut or 
sintered for low-speed section. 
BEARINGS—Sintered porous bronze with 
large oil reservoir for assured self-lubri- 
cation. 

MOUNTING — Front only, choice of ten 
holes tapped as required. 
ROTATION—Unidirectional (CW or CCW 


holes tapped #8-32 and/or two .161 in. 


dia. holes. as specified). 


SHAFT—1/4 in. dia. std. with length to 
















































































basing oo full load pre ROTATION—Unidirectional (CW or CCW) ‘ 

wy load) torque om input (115-V)) geor| A. as specified. meet requirements. 

: 0 Hane comps] watts) fetio| i SHAFT—3/16 in. dia. std. wa length to ) 

a 6.4 33 6 .34; 18 | 500:1 % meet requirements : Sell leod * 

: . tack 
1s 10.2 24 9 34) 18 | 333:1 % ome Rana ae Ten gee “ 
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43} 12 | 30 .46| 24/ 100:1 % starting no So tend stock comps. watts 
| 2.25| 75 45\ 68 .46| 24/| 45.4:1 % torque,| lood) torque input (115-V)) gear | A, 16 75 | 24.5 | 60 3.1 | 124 | 50:1) 1% 
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Designed for direct mounting on Howard motors, 
the speed reducers illustrated in this section give 
a wide range of speeds and torque in both open and 
closed types; single or two stage. Closed units are 
grease packed for efficient lubrication with minimum 
maintenance. For heavy duty, high torque applica- 
tions, Models A-7 and A-12 are especially recom- 
mended. Twelve Howard universal motors (not shown) 





are available as gear motors with the gear units illustrated. 

Hundredsof standard ratios permit accurateselection 
of output speed. Most of the gear units can be supplied 
with double shaft extensions where required. Our gear 
reducers are intended for use only with Howard motors. 

Ratings are maximum under ideal operating condi- 
tions. Each application requires careful consideration 
based on having description of Load & Duty Cycle. 








MODEL A-3 
MODEL A-1 Double Reduction, MODEL A-4 MODEL A-5 
ay Reduction, Open, With Mount- Single Reduction, Double Reduction, 
pen ing Pad Closed Closed 


— Ratio: Maximum Ratio: Maximum Ratio: Maximum Ratio: 
700:1 58:1 2700:1 

Mima Ratio: 3:1 Minimum Ratio: 

TORQ 40:1 TORQUE 


years 

st on 

rcen- . 

eved 

por- 

A Continuous Duty: TORQUE Continuous Duty: | 
5 in. Continuous Duty: 5 in. Ibs. 5 in. lbs 


Intermittent ae aT in. Ibs. Intermittent Duty: 19 in. Ibs. Intermittent Duty: 10 in. Ibs. 
Efficiency: Max. 45% Efficiency: Max. 30% Efficiency: Max. 45% 


Minimum Ratio 
40:1 

TORQUE 
Continuous Duty: 10 in. Ibs. 
Intermittent Duty: 20 in. Ibs. 
Efficiency: Max. 30% 


Minimum Ratio: 3: 











etic esaes —————— 
. MODEL A-7 MODEL A-12 MODEL A-26 
MODEL A-6 Double Reduction a Combined Worm Single Reduction, 
Single Reduction, Closed, EC *\ and Spur Gears Closed 
lose Heavy Duty sf Heavy Duty 


Maximum Ratio: 
2 . 


Maximum Ratio: Ren Maximum Ratio: 





Maximum Ratio: : 
2600: Minimum Ratio: 
Minimum Ratio: 6.7:1 
21.5:1 

TORQUE 
Continuous Duty: 50 in. Ibs. 
Intermittent Duty: 100 in. Ibs. 
Efficiency: Max. 50% 





Minimum Ratio: 3:1 
TORQUE 
Continuous Duty: 
12 in Ibs. 
Intermittent: 25 in. Ibs. 
Efficiency: Max. 65% 


7: / Minimum Ratio: 3:1 
TORQUE TORQUE 
Continuous Duty: Continuous Duty: 
in. Ibs. 50 in. Ibs. 
Intermittent Duty:: 250 in. Ibs. Intermittent Duty: 100 in. Ibs. 
Efficiency: Max. 50% Efficiency: Max. 80% 
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HOWARD INDUSTRIES, INC., 1796 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Sales Offices: Festus, Mo., 1049 Fr 

ont Street, YE 7-3606 
Camden, New Jersey, 300 Broadway, WO 4-9733 Los Angeles 36, 942 S. La Brea Ave., WE 8-2444 
Chicago’ 4, tll., 208 S. LaSalle St., CE 6-5126 New York 1, Empire State Bidg., LO 4- 7992 
Cincinnati. 2. O., 1077 Celestial St., PA 1-2985 Tyler, Texas, 2512 Sheryl Lane, ‘Ty 4-5355 


Representatives in Principal Cities—Consult Your Classified Phone Book 


_ jomsions: Emo ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS (Ls) LOYD SCRUGGS COMPANY 


CIRCLE NO. 8 ON INQUIRY CARD 
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SPECIAL REPORT 
ON SYNCHROS: 








alifornia Size 





induaiien hata 
Induction Motors 
of California 
Manufactures 
Complete Synchro 
Series 


A full line of size 8 (.750” diam.) and 
size 11 (1.062” diam.) synchros, resol- 
vers and linear tranformers for indica- 
tion and control are manufactured by 
Induction Motors of California, May- 
wood, California, in general accordance 
with MIL-S-20708. 
GENERAL SPECIFICATIONS 
FOR TYPICAL SIZE 8 SYNCHROS 
26 VAC 400 CPS 


+ 7’ MAXIMUM ERROR 
30 MV MAXIMUM NULL 


ynchro 



































PHASE 

IMC INPUT} SHIFT OUTPUT 
TYPE (MA) \(DEGREES)} (VOLTS) 
Torque 

Transmitter 

9708-002 150 12 11.8 
008-235 100 8 11.8 
Control 

Transformer 

9708-003 120 12 23.5 
9708-007 7 17 22.5 
008-334 29 8 22.5 
Resolver 

Transmitter 

9708-004 50 22 10.4 
Linear 

Transformer 

9708-005 110 10 18.0 
Control 

Differential 

9708-006 100 12 11.8 

(Rotor Primary) 





Detailed Specifications Available Upon Request 


OVER 100 DESIGNS AVAILABLE 
Induction Motors of California has 
over 50 standard Size 8 designs. Any 
of these may be furnished with electri- 
cal or mechanical variations to suit 
your particular application. 

Over 50 standard Size 11 synchro 
designs, including Navy BuOrd types, 
have been produced to meet exact cus- 
tomer requirements. A typical group of 

115V and 26V BuOrd synchros im- 

mediately available are: 
11CT4b 11ICX4b 11CDX4b 
11TX4ke TITR4b 


Specifications on synchro components, 
as well as complete information on 
step-servo motors and solenoids manu- 
factured by our company, are available 
when requested on company letterhead. 


induction Motors 


of California 


DIVISION OF 
tC MAGNETICS CORP., N.Y. 


6060 Walker Avenue, Ma , California 
LUdiow Hr Se 


Representatives in principal efties 
CIRCLE 9 ON INQUIRY CARD 
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COMPONENTS DESIGN 


PHASE COUPLING 


Phasing Synchros Fast 


Two synchro units are normally phased 
by loosening the stator of one synchro 
in its mounting and gradually rotating 
it in relation to the other synchro 
stator—a_ difficult procedure when 
synchros are not readily accessable. A 
phase adjusting coupling, designed by 
N. Raskhodoff and manufactured by 
P. I. C. Design Co. solves this and 
similar problems. Mr. Raskhodoff’s 
basic design objectives were: 


DRIVEN MEMBER 
ROTATES 360° 


DRIVEN SHAFT 
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ADJUSTING SCREW 
DRIVING “+ aa ELLOWS 








Adjustable coupling, clamp hub type, 
has adjusting screw in the upper left of 


the coupling and the locking screw bel 


low. Overall length less than 1%”, 


STATIONARY 
COUPLING END 
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TEETH ON 
DRIVEN MEMBER 


Adjustable shaft coupling hub, serving 
as the driven member has a reduced 
diameter section which rotates within 
the coupling end attached to one of 
the bellows. The adjustable screw, 
serving as the worm and the driving 
member, and the locking screw are 
positioned in this coupling end. Small 


e To produce a coupling in which one 
coupling shaft end could be rotated 
relative to the other coupling shaft 
end through 360 degrees, or “phased” 
by an adjustment screw providing a 
very precise angular rotation of the 
adjustable shaft coupling end relative 
to the opposite shaft coupling end 
which remains stationary. 

e To have the adjustable feature 
adaptable to various types of couplings, 
not to the bellows type alone. 

e To achieve the adjustable feature at 
as small an increase in coupling size 
as possible. 

One of the more difficult problems 
was to achieve the adjustable feature 
with a minimum number of parts and 
thereby attain lower production cost 
and selling price comparable to a 
coupling without adjustable means. 

The cross-sectional drawing demon- 
strates how Mr. Raskhodoff fulfilled 
these objectives in the design of a 
bellows type coupling. Installation of 
this adjustable phasing coupling be- 
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retaining rings on the adjustable s 
coupling hub and the adjustable 
allow rotation without longitud 
motion. Special technique adopted 
the forming of the teeth on the p 
phery of the driven member th 
making it possible to locate the tee 
where required for best space use. 


tween synchros permits phasing of of 
synchro rotor relative to the other wi 
accuracy and ease, eliminating tl 
synchro stator adjustment. 

Rotation of the adjusting screw 0 
eighth of a turn rotates the adjusta 
shaft coupling hub end only ab 
1%°, an advantage where precise 
justment is required. 

Circle No. 87 on Inquiry Card 





WORTH FILING 


Resistance Devices 





New catalog covers general line § 
stocked resistors, controls and resi 
ance devices, including listings, s 
as tab-mount controls used in se 
ing, and new miniaturized wire-wou 
series 57 precision potentiometers (01 
1%” in diameter and weighing “% 02 
Source: Clarostat Mfg. Co., Inc. 


Dover, New Hampshire 
For your copy: Circle No. 194 on Inquiry C 


ELECTROMECHANICAL DESI 













Transis 
speed | 
and al 
when | 
Unit sl 
type e 
housed 


r 


sure. 
models 


induce 
pondin 
The pi 
transist 
rent d 
quency 
taneou: 
circuitr 
unit w 
units. J 
full sce 

The 
indicat 
pointer 


SEPTEM 


hub type, 
ver left off 
screw be. 


1%". 





screw 0 

adjusta 
mly ab 
yrecise 


Card 


al line 


and resif 


tings, s 
in se 
vire-woul 
eters (01 
ing “4 02 


Inquiry C 
CAL DESI 








LOW-COST SPEED CONTROL 


Transistorized Tachometers 
With Meter Relay Control 


A new type of tachometer with the 
dual function of measuring speed with- 
out physical loading and control of as- 
sociated circuitry, such as overspeed 
and underspeed control circuits, pro- 
vides speed control never before avail- 
able at a comparable cost, according 


_ to the manufacturer. 


Sensing device for the tachometer is 
a magnetic pickup. Angular velocity 
of shaft projections or a rotating gear 


Transistorized Tachometers measure 
speed in rpm without physical loading 
and also activate associated circuitry 
when preset value of rpm is reached. 
Unit shown at left is mounted in JIC- 
type enclosure, and unit at right is 
housed in an explosion-proof enclo- 
sure. These are two of a variety of 
models available. 


induce a signal in the pickup corres- 
ponding to frequency of revolution. 
The pickup’s signal is converted by the 
transistorized tachometer to a d-c cur- 
rent directly proportional to the fre- 
quency of the pickup’s signal. Instan- 
taneous readings in addition to control 
circuitry are provided by a meter-relay 
unit whose scale is calibrated in rpm 
units. Accuracy of indication is 2% of 
full scale. 

The meter has two pointers. One 
indicates rpm. The other, a control 
pointer, can be set prior to making a 
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... from the NEW Source of fine specialty Motors 
..- CARTER... with a background of over 
25 years experience 


Totally NEW ... and engineered to the highest standards of mechanical and electrical 
excellence ... . the CARTER CLASSIC FHP motor incorporates all the advances in 
materials and manufacturing techniques developed in recent years. 


PRECISION DIE CAST CONSTRUCTION 


Armature, frame and brackets . . . in fact every component has been expertly 
created to provide a totally NEW quality motor, not a composite of existing parts 
or old design. Super-precision, sealed ball bearings, no lubrication necessary. 


Larger brushes provide performance beyond normal requirements, reduce mainte- 
nance. Standard mounting plate can be furnished. Speed governor available. 


8 NEW MODELS TO CHOOSE FROM 
HP. 1/35 1/25 1/20. 1/15 1/20. ++1/18 1/t2 
R.P.M. 3600 5000 7500 10000 3600 5000 7500 
Overall size 42” x 3%6” x 3%” high. Weight 3% Ibs. 
Available as universal, shunt or series motors from 12v. to 220v. input. 





1/10 
10000 








The CLASSIC is produced in the sparkling new Carter factory, designed expressly 
for efficient, economical motor production and is backed by more than a quarter 
century motor building experience. Fast delivery, personal attention, complete 
engineering service. Standard models modified to your application, 


You can rely on this dependable new motor source to power YOUR products. A 
line so distinctive, so superior, you too will say “It's CLASSIC”, Low cost will surprise 
you... pleasantly. 

WRITE FOR CATALOG SHEET, PRICES, FULL DETAILS 
EL Ore a 





aye 





Carter Motor Company 


2798A West George Street « Chicago 18, Illinois 
Large Enough To Serve You . . . Small Enough To Want To! 


=r as WY 


xR CSC | = ons 


SALES OFFICES IN PRINCIPAL CITIES OF THE WORLD 
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MASS 


MINIATURIZATION 
AWARD 










Miniature Precision Bearings, Inc., cordially invites you to 
participate in the 1959 Miniaturization Award competitions. 
The Miniaturization Award for 1959 will be presented during 
the spring of 1960 at the 3rd Annual Awards Dinner in New 
York City. The Award symbolizing Miniaturization is a bronze 
sculpture by a leading American artist. Certificates of Excel- 


lence will also be awarded for additional outstanding entries. 


PURPOSES 


In addition to stimulating public knowledge in the industrial 














advancement of miniaturization, the MA 59 competition pro- 
motes national recognition of award winning companies, 
individuals, or organizations. 
JUDGING OF ENTRIES 


Entries will be judged by an independent committee of members 














of the electronics, metalworking, research and publishing 
fields. 












ENTRIES 


For a brochure giving criteria, upon which the entries are 








judged and other details of the competition, write Miniaturiza- 
tion Awards Committee, Box 604, Keene, N.H. 


This brochure outlines the manner in which entries should be 























submitted and gives information on past winners. Because 











entries should be received by January 20, 1960, prospective 








entrants should secure the MA 1959 brochure as soon as 











possible. 
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COMPONENTS DESIGN 


convenient front panel male receptacle 


or terminal strip to facilitate connec- | 


tion to circuitry being controlled. 


In all models, a holding coil circuit . 


keeps contact between indicator pointer 


and control pointer closed regardless of © 


any subsequent changes in actual value 
of rpm. A pushbutton switch for re- 
leasing this contact is available either 


mounted on the tachometer’s front pan- | 
el or adapted for mounting at a remote | 


location. An automatic release can be 
provided instead of the pushbutton if 
required. Electro Products Laborator- 
ies, Chicago, IIl. 

Circle No. 93 on Inquiry Card 





Displacement Transducers 


Two models of Sanborn linear displace- 
ment transducers are complete units 
ready for connection to the required 
preamplifier and input source. These 
differential transformers are encased 
in stainless steel shields and have car- 
bide tipped, spring-return contact rods, 
10 foot integral cable and _ suitable 
adapters. Both models have a maxi- 
mum stroke of +0.050” (0.100” total); 
0.5% linearity; and operate from 5 volts, 
2400 cps excitation. Resolution is in- 
finite and a choice of 100, 25, or 10 
gram contact pressures is available. 
Operating and design features of both 
models include stainless steel bodies 
and contact rods; jeweled bearings; 
carbide tips on contact rods. Contact 
rods are threaded on the exposed end 
for direct connection to mechanical 
linkage. Sanborn Company, Waltham, 
Mass. 
Circle No. 234 on Inquiry Card 


Low Power Ferrite Isolator 


Low power Ku-Band ferrite isolator 
designed to improve the performance 
of a klystron excited system, provides a 
minimum isolation of 25.0 db with an 
insertion loss of no more than 0.45 db 
across the band from 16.0 KMc/s to 
17.0 KMc/s with a VSWR of 1.12 
maximum. It is rated at 5 watts 
average power, weighs 2.9 ounces and 
is 0.66 inches in length. Raytheon Com- 
pany, Special Microwave Devices Sub- 
division, Waltham, Mass. 
Circle No. 236 on Inquiry Card 


ELECTROMECHANICAL DESIGN 


measurement to any value of rpm de- 

sired. When the pointer indicating rpm 7 
reaches the value at which the control — 
pointer has been set, a mechanical and ° 
electrical contact between the two | 
pointers is made, which activates a © 
relay for controlling asociated circuitry, © 
The relay contacts are connected to a — 
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Barden Precision SR3SSX8 bearings as used in a synchro transmitter/receiver. 


BARDEW functional testing assures precision performance 


The SmoothRator, an electronic 
performance tester, was developed 
by Barden to check vibration as a 
measure of overall functional quality. 
A standard quality control instru- 
ment at Barden, the SmoothRator 
is also used by many leading com- 
ponent and systems manufacturers. 


Precision-built synchros require small, uni- 
form air gaps and consistently low torque to 
provide accurate response to a generated 
signal. 


Barden Precision low torque bearings assure 
the required air gap by close control of radial 
play and concentricity. The SR3SSX8 has an 
extra large O.D. which eliminates the need 
for end caps, increasing air gap accuracy and 
reducing synchro complexity and cost. 


From research and design, through quality 
controlled production, functional testing and 
application engineering each Barden Precision 
bearing is planned for performance. Barden 
Precision means not only dimensional ac- 


curacy but performance to match the de- 
mands of the application. 


Barden Precision bearings must pass rigid 
functional tests on the SmoothRator, the 
Torkintegrator and other Barden-developed 
or standard test devices. This functional test- 
ing is your assurance of consistent precision 
performance. 


Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature or high speed. For less 
difficult applications, Barden predictable per- 
formance can cut your rejection rates and 
teardown costs. 


THE BARDEN CORPORATION 


‘71 East Franklin Street, Danbury, Connecticut 
Western office: 3850 Wilshire Boulevard, Los Angeles 5, California 


SPECIFY BARDEN PRECISION BALL BEARINGS FOR: INSTRUMENTS © AIRCRAFT ACCESSORIES © COMPUTERS AND RECORDERS * MACHINE TOOL AND TEXTILE SPINDLES » OTHER PRECISION APPLICATIONS 
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are you spending 


$4 goo 


for a one cent job ? 





If you're duplicating drawing details, you're 
squandering precious hours of costly drafting 
time. STANPAT, the unique tri-acetate that is 
pre-printed with your standard and repetitive 
blueprint items, cuts time involved from 3 
hours to 15 seconds! Figured at current pay 
rates, this means a $12 job at less than one 
cent ... the STANPAT way. Easily transferred 
fo your tracings by an adhesive back or 
front, STANPAT relieves your engineer of 
time-consuming and tedious details, freeing 
him to concentrate on more creative work. 


here’s how simple the 
STANPAT method is! 








PEEL 


the STANPAT 
from its backing. 











PLACE 


the STANPAT into 
position on the 
tracing. 











PRESS 


into position... 
will not wrinkle 
or come off. 











STANPAT is available in two types of 
adhesive backs: 


@ Rubber base for standard drafting and 
tracing papers 

@ Resin base to prevent leaching for papers 
that contain oils 


But whatever the application may be, there’s a 
STANPAT product for your specific needs. Stanpat 
has a guaranteed shelf life of one year from date 
appearing on tab end. For further information and 
technical assistance, complete the coupon below 
and mail. 





STANPAT CO. Whitestone 57,N.Y.,U.S.A 

















Phone: Flushing 9-1693-1611 

) 
t ©) Please quote on enclosed samples. 
: [] Kindly send me STANPAT literature and 
' samples. Dept. 134 
“ Name 
' 
1 Title 
' 
t Company. 
7 
§ Address 
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COMPONENTS DESIGN 


POSITION DISPLAY 


ORIGIN SELECT 





ANALOG-DECIMAL CONVERSION 


Decimal Readout Device Has Adjustable Zero Reference 


Straight decimal display of position of 
a rotary or linear moving member, with 
respect to any arbitrary preselected 
origin, can now be produced from 
shaft position data of a binary shaft 
encoder. The electronic device, called 
a Zerotron, that accomplishes this con- 
version produces the display in any 
desired number of digits preceded by 
a + or — sign indicating direction of 
movement from the origin. 

Digits are 1” high backlighted white- 
on-black figures legible from distances 
up to 20 feet. The manual origin se- 
lector consists of a row of selector 
switches (one per digit) with 10 detent 
positions. The switches are used to 
zero-set the display to read position 
measured from a new origin. Once the 
selector switches are set for a pre- 
selected reference point, Zerotron cir- 
cuitry automatically performs the off- 
set calculation throughout the travel 
of the moving member. The original 
zero reference is retained in the Zero- 
tron memory no matter how often a 
new reference is selected and even 
following power failures. 

Input to the Zerotron, developed by 
Norden’s Data System Dept. at Gar- 
dena, Cal., is from a Norden or equiv- 
alent binary shaft encoder slaved to 
the moving member. The digital bin- 
ary coded signal indicating position is 
presented in parallel to the Zerotron 
circuitry. A relay matrix in the de- 
vice, in effect a subtractor, performs 
a parallel digital substraction for each 
digit of the dimension fed to it. The 
position display converts the binary 
coded decimal to a 1-out-of-10 deci- 
mal reading. The difference between 
the absolute analog-to-digital conver- 
ter reading and the setting of the man- 
ual origin selector switches appears on 


the display in straight decimal form. 

Zerotron derives its flexibility from 
its all-modular design. Each digit is 
handled by a separate transistorized 
module; hence the unit can be supplied 
with appropriate digit handling ca- 
pacity for any custom application. 
Standard units, however, consist of six 
digit modules and a_ plus-or-minus 
module. Models can be supplied in any 
configuration to apply to single or 
multiaxis, linear or rotary motion sys- 
tems, tape or manually controlled. 
Units are available as complete zero- 
reference display systems including 
power supply for the display and trans- 
ducer as well as transducer logic and 
driver circuitry. They may also be ob- 
tained without power supply and 
transducer circuitry where these al- 
ready exist in a system. 

Circle No. 79 on Inquiry Card 





Electronic Counter 


A new electronic counter with a uni- 
form 8-decade numerical readout, 
Model 524D, delivers direct, instan- 
taneous and automatic readings with- 
out calculation or interpolation. The 
instrument, Model 524D, has a crystal 
oscillator stability of 3 parts in 108 
short term; 5 parts in 108 per week. 
It provides for full frequency measure- 
ments from 10 cps to 10 MC and 
period measurements from 0 cps to 
10 KC. Inexpensive plug-in units ex- 
tend the frequency measurement range 
to 220 MC, permit period measure- 
ments over 10,000 periods, and increase 
sensitivity for precise measurement of 
weak signals. Another plug-in provides 
for time measurements from 1 micro- 
second for 100 days. Hewlett-Packard 
Company, Palo Alto, Cal. 
Circle No. 186 on Inquiry Card 
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ELAPSED TIME 
INDICATOR 
ED-71 
Compact, low-cost instrument 
for machine tools, 


communications equipment and 
other commercial applications 
where an accurate record of 
operating time is desired. 
Time Registered: 9,999.9 hours. 
Weight: 5 oz. Voltages: 120 or 
240 v, 60 cps. Power Required: 
2.5 watts at 120 v, 60 cps. 









It takes a TEAM 
to solve timing problems 


The control of time is an extremely complex science 
that demands a thorough knowledge of many individ- 
ual technologies. For this reason, Haydon maintains 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry’s timing problems. 


When you submit a timing problem to Haydon, it’s 
handled by a team of specialists — not an individual 
engineer. And you can be sure the Haydon Timing 

Team is equipped with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 
analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 
application. 


Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 
release to a customer. The results are uniformly high 

quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 
for you? 






















A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 








DIVISION OF 


! GENERAL TIME CORPORATION 
Haydon | 


2833 EAST ELM STREET 
TORRINGTON, CONNECTICUT 





AT TORRINGTON 





Headquarters for Timing 
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TIMING MOTORS 


A complete line of synchronous, 
compact timing motors, speeds 
from 1/60 to 60 rpm. 
Guaranteed torques from 6 

ounce-inches to 30 ounce-inches 
at I rpm. Voltage ranges 

103-132 and 206-264 vac, 

50 or 60 cps. 





INTERVAL TIMER 


Directly controls heavy duty 
electrical loads. Type AD can 
be vn ogg with up to 3 SPST 

switches. a AT has 1 SPST 
switch only. Intervals available 
with dial and knob: 15, 60 and 
180 minutes. Intervals to meet 
our specific requirements can 
e supplied. Voltages: 120 or 
240 v, 50 and 60 cps. Switch 
Rating: 28 amps, 250 vac 
non-inductive; 1 hp, 240 vac. 
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COMPONENTS DESIGN 


MAGNETIC COMPUTER 
ELEMENT 


200 Flip-Flops and 3000 Gates 
Packaged in One-tenth Cubic Foot. 


A small rectangular bar of ferrite mag- 
netic material measuring 50 x 50 x 85 
mils makes possible reliable high speed 
computing at a reasonable cost. This 
entirely new magnetic computer ele- 
ment, called Biax, is capable of multi- 
megacycle performance in logical net- 
works and memory arrays. 

The basic concept employed is that 
of flux interference between orthogonal 
magnetic fields accomplished by means 
of two 20 mil orthogonal holes through 
the element. The flux interference 
takes place in the magnetic material 
between the holes. Because of the or- 
thogonality, no normal magnet cou- 
pling occurs between conductors asso- 
ciated with the two holes in the 
materials. By controlling the spacing 
between the holes, the flux interference 
techniques can be made either de- 
structive or non-destructive. Memory 
applications employ the non-destruc- 
tive element whereas logical circuitry 
makes use of the destructive element. 

In the memory element, one of the 
ccthogonal holes acts as the storage 
axis while the other hole acts as the 
non-destructive interrogate axis. The 
Biax logical element employs the same 
orthogonal hole technique, with the ex- 
ception that the holes are placed ex- 
tremely close together. 

Functioning as a memory element, 
Biax permits the realization of a very 
rapid random access memory unit. Ele- 
ments have been interrogated over one 
hundred billion times at a ten megacy- 
cle rate with no Joss in output signal, 
indicating true non-destructive readout 
and low heating. High speed operation 
up to 20 megacycles per second has 
been achieved. Operational memory 
circuitry and logical circuitry have been 
fabricated and operated at two mega- 
cycles thus it is possible to achieve 
computational equipment where the 
memory access time is properly matched 
with the logic processing speeds. 

In addition to its ultra-high speed 
capabilities, the memory element per- 
mits operation under extreme environ- 
mental conditions. A memory array has 
been operated for eight hours at 125 
degrees Centigrade. Extensive environ- 
mental tests indicate that arrays can be 
fabricated that will operate in the 
vicinity of the Curie temperature of 
the ferrite used in their manufacture. 

Typical computer logical elements 
involve both gating elements and stor- 
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Fig. 1—This enlarged microscopic 
photograph of a Biax memory element 
shows details of wiring in the tiny, new 
computer component. 





Fig. 2—A typical Biax array for an 
electronic digital computer memory 
unit, this printed card contains more 
than 300 elements. Multip'es of such 
printed circuit cards are mounted adja- 
cent to one another in a computer to 
provide large memory capability. 





Fig. 3—Minuteness of Biax is shown 
in this photo of several hundred of the 
new computer elements with a nickel. 
More than 5,000 can be held in the 
palm of your hand, and 310,000 will 
fit in a quart milk carton. These ele- 
ments are now in mass production, and 
complete Biax memory systems and 
computers are now being marketed for 
special commercial and military appli- 
cations. 


age elements (flip-flops). Both types 
of logical elements have been success- 
fully built and tested employing the 
Biax principle. 

Because of their favorable environ- 
mental characteristics, Biax elements 
may be densely packed and thus per- 
mit achievement of extremely small 
volume, considerably smaller than is 
possible with semiconductor _ tech- 
niques. Two-hundred flip-flops and 


3000 gates—the equivalent of 15,000 to 
20,000 semiconductors—can be pack. 
aged in one-tenth of a cubic foot. 

Application of Biax techniques wil] 
reduce the number of solder connec. 
tions in a typical computer by a factor 
of 10 to 100, because many elements 
may be linked by a single wire, thys 
avoiding the large number of solder 
joints necessary when semiconductor 
devices are used. The number of con- 
nectors will also be reduced by a factor 
ten or more. 

Because of the smaller currents re. 
quired to operate the memory, the 
total power required to achieve a given 
computational speed is materially re. 
duced. 

The Biax concept and the associated 
digital computer components were in- 
vented by Cravens L. Wanlass, direc. 
tor of research for Aeronutronic’s 
Computer Operations. Aeronutronic js 
now manufacturing Biax elements by 
mass production techniques. _ Biax 
techniques are currently being applied 
by Aeronutronic to a number of air- 
borne and ground-based military proj- 
ects where multi-megacycle data proc- 
essing is required. 

Circle No. 100 on Inquiry Card 





Magnetic Digital Modules 


Packard Bell Computer Corp. has de- 
veloped magnetic digital modules that 
are compatible with their transistor- 
ized digital modules and can _ be 
mounted in the same self-powered 
case. These new modules are said to 
increase system reliability by reducing 
the number of active circuit elements 
and permit the operation of as many 
as fifty core stages from one drive 
transistor. System design time can be 
minimized as both core and solid state 
core driver modules are available. The 
magnetic modules can be incorporated 
in any digital system such as com- 
puters, automatic control systems, test 
equipment, telephone circuitry, switch- 
ing circuitry and shift registers to 
achieve fewer components and easy 
replacement. Packard Bell Computer 
Corp., Los Angeles, Cal. 


Circle No. 138 on Inquiry Card 


Lightweight Accelerometer 


New accelerometer, designed for apph. 
cations where size and weight of the 
instrument are critical, % inch high and 
weighing only 9 grams provides 5 
pk-mv/pk-g sensitivity with a first 
resonant frequency of 30KC. Fre 
quency response +5% is 2 to 6000 cps 
with amplitude linearity of 1% and 
temperature range of —70F to +230F. 
Endevco Corp., Pasadena, Cal. 
Circle No. 229 on Inquiry Card 
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Vibration Mountings And Bases 


Designed and tested to conform to the 
requirements of MIL-C-172, mountings 


provide maximum vibration and shock | 


protection for base-mounted avionic 
equipment at temperatures from —80 
to 250F and frequencies from 5 to 
500 cps. They incorporate amplitude 
sensitive damping which limits trans- 
missibility at resonance to 3 without 
impairment of isolation efficiency at 
higher frequencies. Lord Mfg. Co., 
Erie, Pa. 
Circle No. 142 on Inquiry Card 


Magnetic Tape Tester 


Used to check the quality of magnetic 
tape to enable tape manufacturers and 
users to guard against information loss 
due to defective coating, transistorized 
tester performs to automatically locate 
and indicate tape flaws that may be 
classified as noise or drop-out. Potter 
Instrument Co., Inc., Plainview, N. Y. 


Circle No. 143 on Inquiry Card 


Transportabie Tracker 


New tracking antenna has three im- 
portant features: a folding 28-foot 
reflector, hand-operated elaz drive 
system and _ self-contained trailer 
mount and tower. The reflecting 
surface is a special reflective cloth 
which folds compactly, and the ribs 
of the reflector are hinged around 
the center section. When the re- 
flector is collapsed into a compact 
bundle and the supporting pillar 
lowered onto the flat trailer bed the 
antenna is easily towed to another 
location. While the elevation and 
azimuth drives are intended to be 
operated by hand, motors and sel- 
syns can easily be added if desired. 
D. S. Kennedy & Co., Cohasset, 
Mass. 
Circle No. 215 on Inquiry Card 
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for 
LINEAR 
MOTIONS 


LOW FRICTION and WEAR 
LASTING PRECISION ALIGNMENT 
ELIMINATE BINDING and CHATTER 
ZERO SHAKE or PLAY 
LONG LIFE—LOW MAINTENANCE 
SOLVES SLIDING LUBRICATION PROBLEMS 





Used by progressive engineers in the latest guidance, 
fire control and navigation systems, computers, inertial 
devices, instruments. 


Various types of BALL BusHINGs are made for shaft sizes from ‘e” to 4”... 
with small sizes available in Stainless Steel. Write for literature and name 
of our representative in your city. 


THOMSON INDUSTRIES, Inc. 
Dept. A, MANHASSET, NEW YORK 












COMPONENTS DESIGN 
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GUARDI ANS PRESSURE STANDARD 


Yew Pressures From 0 to 10,000 psi 
Convert To Digital FM Signal 


G 
EveryTH™ 


FEATURES An unusual portable electronic second. 
COMPLETE ary-pressure standard incorporates 
INFORMATION direct conversion of input pressures to / 


a digital FM signal for rapid, accurate 
line, bench and_ process pressure 
checks. Replacing previous manomet- 
| ric and electro-manometric equipment, 


COIL VALUES 
CONTACT CAPACITIES 
SWITCHING ARRANGEMENTS 





DIMENSIONAL DRAWINGS _ the Vibromanometer accommodates 
. PHOTOS ENCLOSURES wide pressure ranges, and _ provides 
sede HERMETIC SEALING | rapid response time and accurate oper- 



















MOUNTING INFORMATION | ation from remote points. Readout of 
TERMINAL HEADERS He mrs Non or printed, “ prsconm 
or any desired measurement unit, 
CIRCUIT DIAGRAMS pera $h> apen Magee 
| as psi, percent or full scale, millibars. 
Engineers at BJ Electronics, Borg- 


Contains the 


feature story Warner Corp. list many unique design 
\ of features for the Vibromanometer, in- 
Guardian | cluding the use of a proprietary Vibro- 

Hermetic Sealing | tron Transducer which accepts pres- { 
sure inputs ranging from 0—10,000 psi 
and converts these analog pressures 

| directly to a precise digital-frequency 





| (electrical) output. The  Vibrotron 
| Transducer operates by means of a 
vibrating wire anchored to a pressure- 
sensitive metal diaphragm. The vibrat- 
ing frequency of the wire is inversely 
| proportional to applied pressure. Elec- 
trical (FM) output of the Vibrotron 
| Transducer is fed directly to an asso- 





Aircraft 
Catalog "D” 





| ciated amplifier and processing-readout V 
unit, with readout response said to be 
| instantaneous. 
| . 
Other advantages claimed for the 
Series 1005-2 -3 it over existing types of m: tri 
Atlin unit over existing types of manometric 
Sestes 2008 D.P.D.T. or electronic pressure-standards _ in- 
es . . . . 
ree acca | clude: elimination of normal electronic 
4-P.D.T. | or mechanical errors, with no driving 
| motors or gear trains required; eli- 
Series 3205 | mination of complex electronics such 
10 oe | as carrier and d-c amplifiers, voltage 
4 P.D.T. 


regulators, feedback correction ele- 
ments and associated potentiometers 
| and resistors; elimination of electronic 
| converters since unit output is fed 
directly to the digital printer or record- 
er; ruggedness and relative freedom 
from maintenance compared with mer- 


GUARDIAN 


First with the latest in aircraft 
controls— Guardian offers this new 
catalog of aircraft, missile, military and 

. " Es letely detailed cury standards which are essentially 
industrial controls. Comp y F : | fragile and must be cleaned and 
information contained in this catalog will guide your | checked frequently. 

selection of highly reliable relays, contactor units, gun | Circle No. 98 on Inquiry Card < 
grips, multiple control switches, intervalometers, special 
electromagnetic devices and hermetically sealed controls. 






| Transistorized Inverter | 


Transistorized inverters provide 100% 


‘ “n” _ reliability with any d-c voltage up to 
Write on your company letterhead for catalog | 130 volts. Unit can convert directly | 


| from d-c to a-c without an input trans- 
GS UAR DI AN 1G] E. L > Cc ar I Cc | former, avoiding use of filter input or 


~ transient eliminator. Power Sources 
URING COMPAN Y 2 ’ 
Nat th lt its he ge) Inc., Burlington, Mass. L 
1641-K W. WALNUT STREET, CHICAGO 12, ILLINOIS Circle No. 163 on Inquiry Card 
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TO THE ENGINEER 














who likes his switching gift-wrapped 
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If you want your control functions prewired, 
hermetically sealed in a neat package, tested 
out, and as ready as instant coffee, you’re 
listening to the right people. 


Because AE has a gift for wrapping up 
relays and stepping switches in tidy control 
packages of your design—or ours, if you 
prefer. 


For instance, the control package illus- 
trated houses an AE Type 45 Rotary Stepping 
Switch wired to multiple-pin headers for 
direct plug-in (and we supply the properly 
oriented socket mounting plate). This partic- 
ular job has 462 connections, and could just 
as readily be equipped with MS connectors 
for insertion in matching cable plugs. 


The point is, we’ve been wiring telephone 
switchboards and automatic control devices 
for years, and have the technique down pat. 
So pat that it would probably cost you less 
to let ws do the job. 


Besides, AE engineers are past masters at 
designing complex switching circuits. You 
can leave it to them, if you wish, to dope out 
the least expensive way of accomplishing the 
most sophisticated switching. 


How about letting us in on your control prob- 
lem? Just write the Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, 
Illinois. Also ask for Catalog 4083: ‘““Hermet- 
ically Sealed Relays and Switches.” 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


CIRCLE 18 ON INQUIRY CARD 








Long life 


Friction re 
Corrosi 


aterial 


Wet CISION 
JEWEL BEARINGS 
MEAN BETTER 
INSTRUMENT 
PERFORMANCE 


In today’s miniaturized instru- 
mentation Bird Sapphire and Glass 
Jewel Bearings show their unique 
properties to best advantage ... 
dry operation through temperature 
extremes .. . resistance to corrosion 
fumes and liquids . . . adaptability 
to special mounting arrangements. 


Bird Complete 
Jewel 
Assemblies 


... Save time and 
money, cut rejects, 
keep production 
flowing smoothly. 
Special mounting 
techniques provide 
assemblies in 
screws or bushings 
of any style. ae om 


Bird Cushion Jewel Assemblies 


. . add shock pro- 
tection to any in- 
strument for only 
pennies. Variable 
cushioning of sili- 
cone rubber con- 
trols movement, 
eliminates waste 
setting clue to poor bear- 

. ing adjustment in 
sd mounting. 
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Spun 
Jewel 
bearing 
Silicone 
rebber 
Pilot 
hole 
Screw 
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Compared with other types of bear- 
ings Bird Jewels are substantially 
more economical and their long life 
expectancy eliminates maintenance 
problems. 


NEW CATALOG AVAILABLE 


° . a complete description of properties 
and uses of jewel bearings for aircraft, 
electrical and timing instruments, record- 
ers and indicators. Write for your copy. 








Serving Industry With Fine Jewels Since 1913 
CIRCLE 19 ON INQUIRY CARD 


24 














COMPONENTS DESIGN 





CONTINUOUS READING 
METER-RELAYS 


Pointer Trips V-Shaped 
Toggle Switch 


Normally when a meter-relay of the 
locking contact type reaches contact 
point, it can’t be read. A sampling sig- 
nal involving a number of auxiliary 
control components such as interrup- 
tors, condensors and resistors generally 
must be used to read above the con- 
tact point. 

Assembly Products, Inc. has solved 
this problem with a new locking con- 
tact meter-relay design which may be 
used in any application requiring only 
one set point. See diagram for opera- 
tional functions. 

With the new (continuous reading) 
design, the moving pointer shows the 
signal level at all times, even when the 
set point has been passed and control 
circuits have been energized. The cir- 
cuits remain operative until reset calls 
for opposite action. 

As in present meter-relays made by 
Assembly Products, a separate coil in- 
creases control dependability by boost- 
ing contact torque at set point and 
thus insuring positive actuation of a 
load relay. 

Sensitivities are the same as those 
of existing API meter-relays, beginning 
with full scale ranges of 0 to 5 micro- 
amperes. Any of the present meter 
styles may be specified. 

Key to the new design is a v-shaped 
toggle, with contacts on each of its 
arms. The design and positioning of 
the toggle are such that a contact on 
the indicating pointer always passes by 
the toggle arm closer to it and strikes 
the contact on the further arm. The in- 


Assembly Products’ meter-relay, of the 
locking contact type, allows indicating 
pointer to pass the contact set point. 
V-shaped toggle, with contacts on each 
of its arms pivots on the under side of 
the adjustable pointer that marks the 
set point. Both the togg!e and the ad- 
justable pointer are made of layers of 
isolated metal that are parts of sep- 
arate circuits from the respective toggle 
contacts. When the indicating, or signal, 
pointer reaches set point, a two-stage 
action occurs, a'most instantaneously. 
A contact on the pointer touches a 
contact on the toggle and a circuit is 
closed through both the booster coil 
and the coil of a multi-pole !oad relay. 
As the load relay initiates the desired 
control action through one set of con- 
tacts, another set closes and pu'ls a 
surge of current through the meter- 
relay movement. Enough torque is 
thus added to the indicating pointer to 
cause it to snap the toggle and move 
past it. The meter-relay contacts are 
then separated and the booster circuit 
is opened. This sequence of action 
may begin at either high or low limit. 
The load relay remains energized as 
long as the signal is hizher (or lower) 
than set point. The indicating pointer 
moves freely with fluctuating signal 
strength. When the indicating pointer 
returns to set point, its contact again 
touches a contact on the toggle. A cir- 
cuit including the booster coil is closed 
and the load relay is dropped out. The 
indicating pointer snaps the toggle the 
other way and again pushes past, open- 
ing the booster circuit once more. 


dicating pointer has two isolated con- 
tacts, one touching a toggle contact 
while moving upscale, the other being 
operative when the pointer moves 
downscale. 

Movement of pointer contacts across 
the toggle contacts exerts a wiping ac- 
tion that keeps contacts clean and 
makes for more positive action and 
longer contact life. 


Circle No. 88 on Inquiry Card 
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Silver-Zinc Batteries 


A new line of silver-zinc secondary 
(rechargeable) batteries for missiles 
and spacecraft have extremely high 
energy-to-weight ratios compared to 
ordinary batteries. They are made up 
of individual cells combined to develop 
the power required. The  silver-zinc 
cells range in size and output from the 
Type SC-04 miniature cell of 0.5 am- 
pere-hour capacity which weighs only 
0.05 pound and has an output of up 
to 10 amperes, to the Type SC-450, 
a single cell with a weight of 9.7 
pounds and an output of 450 ampere- 
hours. All cells are rated with a ter- 
minal voltage of 1.4 volts under load. 

A unique plate and separator con- 
struction withstands heavy overloading 
with little heating and gassing. The 
dry-charged shelf life of the batteries 
is a minimum of 5 years. Cook Bat- 
teries, Denver, Colorado. 

Circle No. 251 on Inquiry Card 


10,000-Volt Silicon Rectifiers 


Four new high voltage, high current 
silicon rectifiers are said to provide 
higher current ratings, lower forward 
voltage drop and better reverse leakage 
characteristics than previously available 
types. Designated IN2382 thru IN2385, 
the new units are rated at 4000, 6000, 
8000 and 10,000v PIV and maximum 
rectified current at 25C of 150, 100, 70 
and 70 mA, respectively. The non- 
metallic case with a dielectric strength 
of 400 volts/mil and resistivity of more 
than 1014 ohm-cm, is electrically “cold”, 
allowing simplified mounting methods. 
The 4000v units are one inch long, the 
6000 and 8000v units 1%” long and 
the 10,000v unit 2” long. All of the 
new types are %” in diameter. Axial 
leads are 0.030” diameter by 1%” 
long. Pacific Semiconductors, Inc. Cul- 
ver City, Cal. 
Circle No. 218 on Inquiry Card 


Explosion-Proof Differential 
Pressure-Vacuum Control 


Five models of a new differential con- 
trol have been designed for use in areas 
where explosive gases or vapors are 
present, and where it is necessary to 
know the difference between two 
separate pressures or vacuums. Several 
system differentials are available be- 
tween limits of 30” hg. and 40 PSI, 
with switch differentials from .5+ 
1/10” hg. and up. Switches are single 
pole and suitable for ambient temper- 
atures up to 100F and are rated 15 or 
20 amp., 115/230 Volts AC. United 
Electric Controls Co., Watertown, 
Mass. 
Circle No. 233 on Inquiry Card 
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Thermocal 


reliability 


THYRASTAT* 


... fail-safe overheat protection 


NEW miniature, hermetically sealed, single- 
shot, temperature-sensitive switch provides 
FUNCTIONAL RELIABILITY for positive over-tem - 
perature protection. Factory preset within 1% 
of specified temperature. 


TEMPERATURE RANGE: +113° F. to+1500° F. 
Write for new CURRENT RANGE: 10 to 500 Amperes 
Brochure containing SPST Normally open or closed types. 
complete specifications: 


advanced concepts of 
precision specialty 
switches for maximum protection 


Patents Pending 


~ 


) 
—— 
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1631 COLORADO AVENUE 
SANTA MONICA, CALIFORNIA 


thern 
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Interested in Systems Engineering? | 




















‘ > 
wh}! jee | Ultra-Low Noise Choppers Miniatur 
Eight models of a newly developeu Miniature 
There are sy stems | ultra-low noise chopper have single- fact ratii 
pole double-throw and _ double-pole volts, an 
| double-throw types in both make-be- one misc 
yyy ™ fore-break and_ break-before make (65° 
yy i. " models, 60 or 400 cps. Internal shield- effect or 
pan) _ ing, plus mumetal containers make the Company 
| ultra-low noise level possible. A unique Cire 
| chopper structure, meeting MIL specs- 
| results in extra stability over a wide ich | 
range of drive voltage, excitation fre- sean 
...and systems | quency and operating temperature. Size & ¢ 
Collins Electronics Manufacturing Com- New 406 
pany, Stevensville, Md. trol tran: 
Circle No. 238 on Inquiry Card pedance 
.and TOTAL systems | 0. ir 
: ; ‘ ‘ Maximun 
in which the big bird and support | 7/8 Inch Ten Turn Pot ieaderd 
equipment may rank only | % inch low-cost ten-turn precision wire- - oesngil 
as a component | wound potentiometer is now available tics cael 
: in ranges from 25 to 120 K ohms. Clifton 1 
| Standard linearity tolerance is +0.25% Upper D 
| with tolerances of +0.1% on special a 
| order. The Model 510 will operate over 
This difference between systems can make ' a temperature range of —55C_ to 
| +105C. Up to 46 additional terminals 
a big difference in your career | can be added to the standard unit for | *Pring-t 
| special applications. Sleeve bearings at Spring-lo 
IF YOU ARE QUALIFIED and interested in contributing to programs of | both shaft ends are standard. Shaft di- positive t 
“total” scope, it will be of value to you to investigate current oppor- | ameter is %4”. Spectrol Electronics tically z 
tunities with General Electric’s DEFENSE SYSTEMS DEPT., whose | Corp., San Gabriel, California. aren 
work lies primarily in providing total solutions to large scale defense | Circle No. 210 on Inquiry Card 187”. C 
| ger-type 
problems of the next 5, 10 and 20 years. | vated b 
The work here lies almost entirely in the areas of systems engi- The terr 
neering and systems management. inown 2 
one-piece 
Inquire about these positions: punched 
Guidance Equation Engineers Systems Test Evaluation Engineers that A yy 
Systems Logistics Engineers Engineering Psychologists be moun 
Electronic Systems" Radar Equipment Engineers is adapta 
Management Engineers Weapons Analysis Engineers a spring: 
Operations Analysis Engineers Weapons Systems Integration probe. S 
Systems Program Engineers Engineers gown N.Y. 
Data Processing Engineers Engineering Writers | ; Ia - 
: | | Hermetically Sealed Miniatu 
Forward your confidential resume at an early date. Stabilization Cavity miatur 
Whereas the growth potential is evident — both for DSD and the A size 5 | 
engineers who join us — the positions we fill during these early | New series of hermetically sealed, 0z., yet 
| months will carry significant “ground-floor” benefits. | | light weight stabilization cavities torque h: 
y Petit | Vex Write fully to Mr. E. A. Smith, Room 9-J. from Varian Associates has the fol- severe er 
X ‘ _ | lowing specs. Frequency: _ fixed quiremen 
‘agus CED DEFENSE SYSTEMS DEPARTMENT | | tuned (with +15 Mc trim) at any guidance 
Pr A Department of the Defense Electronics Division frequency from 8500 to 9600 Mc. are 1.5 w 
| | Stabilization factor: 20 (with VA- cps. Und 
201 B_ klystron). Insertion loss: accelerat 
6 ik N e ea A L eB 7 LE C T R i C 10db, Unloaded Q: 20,000 tempera- second u 
ture. is reache 
300 South Geddes Street, Syracuse, N. Y. g-cm?. D, 
Circle No. 171 on Inquiry Card Montgom 
| Cire 














WRITE DIRECT OR CIRCLE 21 ON INQUIRY CARD AND INCLUDE HOME ADDRESS 
- ELECTROMEGHANICAL DESIGN SEPTEMBE 








eu 
le- 
ale 
e- 
ike 
]d- 
the 
jue 
CS- 


ide 


ire. 
m- 


ire- 
ble 
ms. 
5% 
cial 
ver 
to 
1als 
for 
s at 
di- 


nics 


d, 
ies 
ol- 
ed 
ny 
[c. 
- 
SS: 
ra- 





SIGN 





Miniature Choppers 


Miniature rugged choppers have con- 
tact rating from dry circuit to 100 
yolts, and thermal drift of less than 
one miscrovolt. Temperature extremes 
(-65° to 125°C) have negligible 
effect on phase angle. The Bristol 
Company, Waterbury, Conn. 
Circle No. 223 on Inquiry Card 


High Impedance 
Size 8 Control Transformer 


New 400 cycle high impedance con- 
trol transformer, CTC-8-A-6, has im- 
pedance levels comparable to those 
found in size 10 and 11 synchros. 
Maximum error is 7’ of arc. Unit is 
standard 11.8 volt input control trans- 
former. Power input is as low as 0.058 
watts. Complete electrical characteris- 
tics and outline drawings available. 
Clifton Precision Products Co., Inc., 
Upper Darby, Pa. 
Circle No. 190 on Inquiry Card 


$pring-Loaded Contact Plug 


§pring-loaded probe or plug provides 
positive through-connection from prac- 
tically zero to a maximum of 2.5 
iz. necessary for its full travel of 
187”. Contact probe is of the plun- 
ger-type construction and is acti- 
vated by pressure applied axially. 
The terminal incorporates the well- 
Inown “Press-Fit” features of simple 
me-piece installation in a drilled or 
punched hole in the metal chassis or 
support, with marked space saving, so 
that a plurality of such contacts can 
be mounted close together. Terminal 
is adaptable to applications calling for 
4 spring-loaded, rather than a rigid 
probe. Sealectro Corp., Mamaroneck, 
& 4 
Circle No. 170 on Inquiry Card 


Miniature Servo Motor 


A size 5 servo motor weighing only 0.6 
oz., yet delivering 0.10 oz-in of stall 
torque has been designed to meet the 
severe environmental and physical re- 
quirements of air and missile borne 
guidance systems. Power requirements 
are 1.5 watts per phase at 26 volts, 400 
cps. Under these conditions, the units 
accelerate at 39,000 radians/second / 
second until the free speed of 10,000 
is reached. Moment of inertia is .18 
g-cm*. Daystrom Transicoil, Worcester, 
Montgomery County, Pa. 
Circle No. 231 on Inquiry Card 
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New Designs 
in Motors from 


















VARIABLE SPEED SUB- 
FRACTIONAL DC MOTOR 


This new motor — Model RBD-25 
—is available in two standard 
units: RBD-2505 with a rating of 
0.5 oz. inches; and RBD-2510, 
rating 01.0 oz. inches. Both oper- 
ate at speeds up to 1800 RPM 
with input of 24 to 115 V.D.C. 
This is a shunt wound motor and 
speed can be varied by changing 
armature voltage. 






























2-SPEED REVERSIBLE SUB- 
FRACTIONAL AC MOTOR 


Model RBC-2514. Available with 
basic speeds of 1800 RPM and 
3600 RPM and with standard 
gear reductions from 3:1 to 
3600:1. Basic torque ratings for 
continuous duty at 115 volts, 60- 
cycles; 3600 RPM synchronous 
range from 0.15 to 0.5 oz.inches. 


SYSTEMS DEVELOPMENT 
MOTOR KIT 


Designed primarily for research 
laboratories and engineering 
departments, this kit makes it 
possible to determine the prop- 
er servo, torque or synchronous 
motor required for instrumenta- 
tion and automation applications. 
Eliminates the need for purchas- 
ing sample motors for testing. 
Contains all the necessary motors 
and components to assemble — 
with bench tools only —32 dif- 
ferent motors. 


For more information, write, 
or use Readers’ Service Card. Cities throughout the World 


HOLTZER-CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 
125 Amory Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
electric and electronic equipment and systems 
CIRCLE 22 ON INQUIRY CARD 
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for the DIFFERENTIAL Connoisseur! 


alicisiad | 


MINIATURE 
COMPUTING 


DIFFERENTIALS 





Lead — 32 oz-in- Dependably precise mechanical differentials 

Backlash less than 0° 1.5’ for use in high-accuracy electro-mechanical 
sae? computer assemblies. Every detail of con- 

—s —- zero load: struction in compliance with the most rigid 


specifications. Available in MINIATURE sizes 
in single- and double-pinion hollow-shaft 
design with removable end gears. Compact, 
easily installed in tight space; light in 
weight yet rugged. 


also INTEGRAL SHAFT TYPE 
for STANDARD %” shaft systems 


Equally high relative precision will be found 
in this larger series of Reeves Differentials. 


End gears interchangeable; 
supplied in 48, 64, 96 
or 120 pitch. 
Stainless steel throughout. 
Weighs only 0.88 ounce. 


Stecked in Ye” and 3/16” 
bores. 


—— Write for Technical Data. 


eeuved 


REEVES INSTRUMENT CORPORATION 
A Subsidiary of Dynamics Corp. of Americd 
Roosevelt Field, Garden City, New York 


ENGINEERS: Explore Reeves career opportunities now! 
CIRCLE 24 ON INQUIRY CARD 






































4-30 VDC 

TO 20,000 RPM 
e SELF-SHIELDING 
All-new PM-1 line for 
hard-to-fit applica- 
tions. Compact motors 
feature ceramic field 
structure, efficiencies 
from 40-50% — give 
equivalent output 
power with 1 less 
bulk than older design. 


Available governed or 
ungoverned with 
choice of bearings, 
shaft extensions and 
mounting arrange- 
ments; gear motors 
with various speed re- 
ductions. Vibration- 
and shock - resistant. 
Special modifications 
invited. 
Write for complete 

specifications. 














REFLECTONE ELECTRONICS, INC., STAMFORD, CONN. 
CIRCLE 25 ON INQUIRY CARD 
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DEVELOPMENT AND UTILIZATION 


OF REDUNDANT SYSTEMS 
S. Nozick 
Hughes Aircraft Company 
Tucson, Arizona 


In designing extremely reliable systems, the engineer finds 
himself limited, for as he makes the system more complex, 
the increased number of parts causes more frequent failure 
or unreliability. The reason for this is that most systems 
are built in such a way that any single part failure disables 
the entire system. 

The usual engineering approach to this problem is to 
use more dependable parts or those with low failure rates, 
and, combine this with extremely careful design. This 
approach can, and does, reduce the system failure rate. 
The limit of what can be achieved this way is in the 
quality of the parts. Therefore, for complex systems, the 
problem of achieving extreme reliability is very real and 
often, currently, an impossible one. 

Here we describe a technique of developing redundant 
systems whose reliability is not limited by the danger that 
any single part failure can disable the entire system. Such 
a system is tolerant of part failure. 


REDUNDANCE 


Redundance is a technique of constructing systems with 
spare parts built into the system. In a redundant system, 
part failure does not mean complete system failure since 
the spare parts keep the whole system operating. This 
technique makes it possible to build very complex systems 
with conventional parts and still have a low in-use failure 
rate. In-use failure rate of redundant systems can be 
thousands of times lower than conventional systems, mak- 
ing redundant system desirable in uses where low in-use 
failure rates are essential. Examples of such cases might 
be a supersonic aircraft auto-pilot or a nuclear warhead 
fuze. 


LIMITATIONS 


Redundant systems solve some of the reliability problems, 
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but do have their limitations. Even though they give a 
tremendous reduction of the in-use failure rate, other 
system qualities are changed. The redundant systems 
are heavier and larger than the current ones because 
of the built-in spare parts. They are more inherently 
costly because of the size. In use, these systems have 
an increased part replacement rate. However, this in. 
creased part replacement rate is not a major problem to 
the user. Part replacement in redundant systems can be 
scheduled and done at the user’s convenience because only 
the failed spares are replaced while the system itself is 
still fully operable. In military uses, this is a desirable 
characteristic. 

The research and development organization entering 
the area of redundant systems requires reorientation since 
the design techniques for building such systems are lim- 
ited and new. The engineer often has to invent rather 
than develop or design. Our experience has shown how- 
ever, that an engineering organization can rapidly adapt 
to the problems. 


FUNCTIONAL REDUNDANCE 


Since redundant systems have characteristics that limit 
their use in some applications, you should examine other 
alternatives before deciding on the redundant approach. 
One alternative, functional redundance, is duplication of 
the device’s function elsewhere. If the function of the 
proposed device could be wholly or partially performed 
by other devices, it may not be necessary to build for a 
high enough degree of reliability to require redundance. 

For example, if we were considering building a com- 
munications tink for combat military use, it might at first 
seem that extreme in-use reliability is required and an 
internal redundant system is indicated. However, if the 
field usage conditions were examined, a nearby telephone 
or radio might be found to be present under all tactical 
conditions. Communications procedures used might then 
be modified so that the telephone or radio could serve 
as an alternate channel. With this done, more frequent 
failure of the communications link could be tolerated and 
redundance within the link being designed might not be 
necessary. However, a number of cases exist in practice 
where the consequences of device failure are sufficiently 
costly to justify redundant system design. 


TYPES OF REDUNDANT SYSTEMS 


Redundant systems can be built with many configurations. 
All redundant systems however consist of different com- 
binations of three basic forms, high level or overall re- 
dundance, low level or block redundance and voting re- 
dundance. In planning and developing an actual system, 
many different configurations will be considered and there- 
fore the different basic forms should be understood. 

Overall or high level redundance is the simplest way 

of including spare parts. Two or more parallel systems 
are used as shown in Fig. 1. 
Spare systems can be connected either automatically or 
manually when the working system fails. In order for an 
overall redundant system to fail, at least one part in each 
of the working and spare systems must fail. This type of 
redundance gives a great improvement in reliability over 
conventional designs. It is also the simplest to build. 

In low level or block redundance, Fig. 2, the spare parts 
are built into the system in such a manner that they act as 
spares to portions of the system. The spares can be either 
stages of the system or components. 

For a low level redundant system to fail, at least all 
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the working blocks and spares of one type must fail. 
For the same number of parts, this type of system gives 
2 greater reliability than overall redundance which can 
be seen by comparing Figs. 1 and 2. If two dissimilar 
blocks, one in the upper chain and the other in the lower 
one failed, the high level redundant system in Fig. 1 
would be disabled. However, if the same failure occurred 
in the low level redundant system, Fig. 2, no system fail- 
ure would take place. Each of the dissimilar blocks has 
its direct spare in Fig. 2, but not in Fig. 1. Following 
this line of reasoning, we can conclude that the lower level 
in the system that blocks are paralleled, the greater the 
system reliability. The goal of the designer should there- 
fore be to parallel parts rather than sub-systems or stages. 
Voting redundance, the third basic redundant configura- 
tion, is shown in Fig. 3. It consists of three (or in gen- 
eral “n” subsystems with a majority selector. The ma- 
jority selector compares the outputs of the subsystems 
and selects those subsystem outputs that agree. For ex- 
ample, in the illustrated case, the majority selector would 
select the outputs of the two subsystems that are identical 
and use this as the redundant system output. 

This structure is particularly useful in cases where failure 
of a subsystem can occur in a large number of ways—noise, 
microphonic, low signal output, no output, excessive out- 
put, oscillation, etc. Failure of such a configuration occurs 
when the majority of the subsystems fail, or when two 
failures occur out of the three subsystems, or when the 
majority selector fails. 

Since the majority selector is a series element in the 
system, it’s complexity is the limiting factor in this con- 
figuration’s reliability. This configuration gives a marked 
reliability increase over conventional systems but not as 
great an increase as either low level or overall redundance. 
However, with the current state of the art, this configura- 
tion can often be quite easily built. 

All actual composite redundant systems are a combina- 
tion of these basic configurations. Fig. 4 shows a system 
that consists of both voting and block redundance. 
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Fig 5 
ESTIMATING RELIABILITY OF REDUNDANT SYSTEMS 


In estimating reliability factors of redundant systems, two 
items need to be considered: the in-use system failure rate 
and the block replacement rate. In-use system failure rate 
is the same as the redundant system probability of failure. 
Block replacement rate in a redundant system is distinct 
from the failure probability and should be estimated sepa- 
rately for the system planned. 

Redundant system failure probability is obtained from 
the block mean-time-to-failure and the redundant con- 
figuration used. Individual block mean-time-to-failure, 
m, or its reciprocal, failure rate can be estimated by the 
technique shown in the Reference. The individual con- 
figuration reliability which is defined there as the proba 
bility of not failing, R, can be then calculated as shown 
in Fig. 5 in terms of the block mean-time-to-failure, m, 
and the period of untested use, t. Redundant system re- 
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your magnetic shielding costs: 1) 
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cause (a) foils are only .004” thick 
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required, minimizing waste. 2) Per- 
mit simple shielding of odd shapes 
and hard-to-get-at components, sav- 
ing valuable time and eliminating 
tooling costs and inflexibility of rigid 
metals. These advantages make pos- 
sible much smaller and less costly 
systems, as components may be 
positioned in close proximity without 
interference from damaging magne- 


tic fields. 














These foils are non-shock sensitive, non-retentive, require 
no periodic annealing. They effectively shield electrostatic and 
magnetic fields over a wide range of intensities. Both foils 
available from stock in any desired length in various widths. 
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missile, magnetic tape and other military, airborne, electronic 
and laboratory applications. These foils can help you solve 
your magnetic shielding problems. 


MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 


1322 No. Elston Avenue + Chicago 22, Illinois 
Originators of Permanently Effective Netic Co-Netic Magnetic Shielding 








CIRCLE 27 ON INQUIRY CARD 


STERLING 

















PRECISION 
CORP. 






Write for our NEW COMPLETE CATALOG! 
512 Pages Featuring 20,000 Stock Components 


IMMEDIATE DELIVERY | 
OF PRECISION COMPONENTS ........... 


® CLUTCHES 
@ BRAKES 

@ GEARHEADS 
®@ COUPLINGS 
SHAFTING © 
GEARS, PREC. |, if & If 
DIFFERENTIALS 

SPEED REDUCERS 

@ TOOL COMPONENTS 

@ DEVELOPMENT COMPONENTS 


eee 








STERLING PRECISION CORPORATION 


INSTRUMENT DIVISION 
MAIN PLANT WEST COAST 


Jefferson Bivd 


NEW ENGLAND 
\ Mie 6 Matinecock Av 4216-20 W 
Port Washington, N. Y Los Angeles 16, Calif 


Tel. RE 2-0145 





CIRCLE 28 ON INQuIKY CAKD 


32 


| SYSTEMS DESIGN 
























3 f— aS ——eee +H 

7 = t+ pap pet 14. + jt 

; [) 7) 7 REDUNDANCE 

| 1 WORKING BLOCK |||” 

2 + 4SPARE BLOCK 7177 
- 
4 Pa 
| ~ 
@ oo: i) | Sere } 2S oe ee + ae aS ee ee 
oO oos — + + —t + + + + 4+-—4+4+-44 > + + +—+-+ 44 
fea ooe — + + ttt Ht + + + + +44 + + + +—+—4-4-+ 
a. oo? #—-—_—_ + +--— 4+ ++ - + + + + + +44 + + $4.4 

os CE ER ST | ee Da BE oR a Si 
_ ao Oe } a oe ee $——} ttt, 
c« j ~ | 
= ~ 
= VOTING REDUNDANCE ———-S\w++++4 +t it 
a MAJORITY VOTE Nw || 
—" OF 3 BLOCKS me@wekt. = 
° at ” ae 
I ~ 
@ . ~ 

\ 2 5 4 5 6 "*%9 2 5 J $ 6 ’* foo 2 5 a ‘Tooo 
IMPROVEMENT FACTOR DUE TO SPARES 
Fig 6 


liability, again defined as the probability of not failing 
for time t, is the product of all the series individual con- 
figurations’ reliabilities. System in-use failure rate or proba- 
bility of failure is the difference between unity and the 
product of the series configurations’ reliabilities. The re- 
dundant system block replacement is estimated simply by 
taking the sum of all the individual block replacement rates 
(the sum of the reciprocals of mean-time-to-failure). 


IMPROVEMENT OBTAINED BY REDUNDANCE 

A measure of the improvement in reliability obtained by 
redundance is the ratio of the probability of failure of a 
conventionally designed block, or system, to that of the 
redundant block or system. Figs. 6 and 7 show this calcu- 
lated by the forementioned techniques for the three basic 
configurations. Fig. 8 shows a calculated chart for several 
assumed systems capable of performing the same type of 
functions. This chart is calculated from Figs. 5, 6 and 7 
and shows the tremendous improvements theoretically 
possible. 
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Switching may be required practically in a real system. 
Though this can reduce the improvement factors shown in 
Fig. 8, a marked improvement in failure probability, better 
than that possible with conventional reliable design, is 
obtainable. 


FAILURE INTERACTIONS 


In attempting to parallel blocks of a system, the effects of 
different types of block failure have to be considered by 
the designer and system planner. If this is not done, it is 
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perfectly possible to decrease reliability by paralleling 
blocks. 

Even though we usually think of blocks of a system 
as either operating well or having failed, the different 
modes of failure are rarely considered fully or their fre- 
quency tabulated. For example, if we consider a tube, it 
can fail in many ways, inter-electrode shorts, filament either 
open or shorted, microphonics, noisy operation, excessive 
leakage between elements, gassiness etc. If we consider 
the effect of any one of these malfunctions on two tubes 
in parallel, it is apparent that some malfunctions in one 
tube would cause failure of the combination. Which mal- 
functions can cause this is a function of what the two 
parallel tubes are required to do in the system. The same 
can be said of any other component and also of any stage 
or subsection of the system. 


POSSIBLE SYSTEM IMPROVEMENT 


1000 BLOCK SYSTEM ; | 
EACH BLCCK HAS FAIL. PROB =10°% or 16,000 
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liiiainaine 3 999 00! 100 
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REDUNDANCE 3 Apx.! 000,000,001 100 Million 
| VOTING Overs 2/3 969 —«.031 3 
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Fig 8 


The question that arises naturally is whether the combi- 
nation of parallel blocks are more or less reliable than the 
single block. Based on experience, this question can rarely 
be answered. It requires a knowledge of the relative fre- 
quency of different types of failure of components in dif- 
ferent environments and applications. Little data of this 
sort exists. 

This lack of information does not prevent the develop- 
ment of redundant systems. An overly conservative design 
philosophy requires the redundant system to have the 
characteristic that no single component malfunction of any 
type be capable of disabling the system. 

While this philosophy does not result in the optimum 
redundant system (max reliability per pound) it does 
circumvent the problem of a limited state of knowledge 
about part behavior in the field today. As more becomes 
known in this field by design experience, redundant sys- 
tems that are more nearly optimum will be built. 


PARALLEL INTERACTION 


When devices are placed in parallel, their operation and 
tolerance requirements change. For example, consider three 
alarm clocks on your dresser. If they were all set to go off 
at six o'clock in the morning, the fastest one would tend 
to awaken you too early. However, if they were intercon- 
nected so that the earliest two out of three awakened you, 
it might not be too early to be obnoxious. 

Obviously if only say three minutes too early were 
tolerable, the alarm clocks in the voting or majority case 
can be less accurate than in the other case and also less 
accurate than a single alarm clock. In redundant systems, 
the special tolerance requirements have to be considered 
along with the construction and planning. For this, a 
statistical background should be present in the group. 
Editor's Note: Mr. Nozick presented this material at the 
1959 IRE Convention. In this paper he also discussed the 
manpower organization required to achieve the objective 
he set forth. 


For more information on this aspect of the topic write directly to: 
S. Nozick, Hughes Aircraft Co., 
P. O. Box 11337, Emery Park Station, Tueson, Arizona 
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SYSTEMS DESIGN 


ANGLE TRANSDUCER 


Detecting The Direction Of Gravity 
Photoelectrically 


Up until Keuffel and Esser Engineers 
attacked the problem, encapsulated 
liquid in the conventional bubble level 
vial and the pendulum have been vir- 
tually the only way of detecting the 
direction of gravity. Unfortunately the 
sensitivity of level vials at best is only 
one second of arc—and then it must 
be visually observed. Such visual ob- 
servation normally precludes the use 
of level vials for automatically con- 
trolling and recording positional tilts 
of structures such as radar axles and 
launching platforms. 

By adding a mirror to a suspended 


pendulum K & E engineers have de- 
signed an instrument that represents a 
step forward in gravity sensing equip- 
ment. The device consists primarily of 
two units: a sensing unit and an indi- 
cating unit. The sensing unit reads the 
angle of tilt against true horizon in 
one plane displaying the output on a 
calibrated dial; an electrical signal, is 
available for recording instruments, re- 
mote control or for driving cerval units. 

K & E engineers selected a photo- 
electric method for angle measurement 
because it utilizes the advantages of 
the high stability and high magnifica- 
tion available in optics in conjunction 
with the convenience of electronic 
readout. High magnification results 
from the fact that a reflected beam is 
deviated by twice the angular displace- 
ment of a mirror, inherently containing 





Optical system in the sensing unit is 
housed in a heavy bronze casting with 
three precision ground legs that act as 
the reference plane. Sensing element is 
the pedulum mirror whose relative posi- 
tion is determined by the two photo cells. 
Drift of the instrument at constant am- 
bient temperature per twenty-four hours 
is one half of 1% of the range, primarily 
due to the aging of the photo cells. Drift 
tests were made by locking in the pen- 
dulam, effectively isolating the drift of 
the photoelectronic circuitry from the 
pendulum position against gravity. Sens- 
ing units cover a scale range of +25 sec- 
onds of arc to +15 minutes of arc. Same 
principles were applied to the design of 
an electronic autocollimator except that 
the mirror is no longer pendulam sus- 
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pended, basically the only change in the 
optics. Autocollimator (top) and tilt an- 
gle transducer (bottom) use the same in- 
dicating units and power amplifier. Ana- 
log output from the unit for a shock re- 
corder or servo system is a linear d-c 
voltage with a maximum sensitivity of 0.4 
volts per second of arc. Maximum linear 
range is = 10 volts or + 15 minutes of 
arc, whichever limit is reached first. Sensi- 
tivity and range can be set to satisfy 
the particular requirements within the 
range as indicated. Sensing unit output 
is converted in the indicator unit to read 
a calibrated dial; indicator unit has a 
cathode follower output with an output 
impedance of 2,000 oms; amplification 
factor is 0.9. 


twice as sensitive a measurement meth- 
od as any other available. High stabili- 
ty results from the application of the 
null principle—similar to comparing the 
weight of two blocks on a_ balance 
rather than weighing each block separ- 
ately and then comparing the results. 

In the photo detection of an angle 
K & E engineers considered three 
methods: the interferometer method, 
the phase shift method and the inten- 
sity comparison method. 

In the interferometer method, light 
waves, reflected back and forth be- 
tween two mirrors, interfere with each 
other causing fringes to appear. Com- 
monly called Newton Rings, each 
fringe for a given mirror diameter cor- 
responds to a certain angular value. 
Counting the fringes permits the angle 
to be determined. Since the measuring 
of the wave length of light is a well 
established procedure this method is 
probably one of the most accurate 
standards available to engineers and 
can be considered a primary method 
of measurement when applied to an- 
gles. Unfortunately, the interferometer 
is still an extremely delicate laboratory 
instrument, not easy to handle. In ad- 
dition the electronics involved in count- 
ing numerous fringes puts the cost of 
an instrument in the $20,000 range. 

The phase shift method is based on 
comparing the phase shift of two waves 
generated by the same light source but 
out of phase originally by 180 degrees. 
One wave is directed at a photocell and 
the other at a target. The mechanical 
arrangement is such that phase changes 
from the original 180 degree phasing 
is a measure of target shift or angle 
of tilt. Its advantage is that the method 
requires only one photocell and thus 
is insensitive to changes in photo cell 
sensitivities. Its major disadvantages 
are that it requires large lens apper- 
tures and high grade optical elements 
to obtain the necessary sensitivity and 
resolution, and large angle measure- 
ments cannot be made because of in- 
herent ambiguities at the larger shifts. 

K & E engineers finally decided on 
the intensity comparison method-—split- 
ting the image of a target into 2 equal 
halves. Comparing the intensity of each 
half with a photoelectric null device 
gives the zero position; deviations are 
indicated by the amount by which the 
bridge circuit is out of balance. Dis- 
advantage of the intensity comparison 
method is that it does require two 
photo cells that have to be matched 
and that should not change properties 
during measurements. Its advantage is 
that the instrument has no moving 
parts, and is basically a simple design 
independent of the resolving power 
which in general limits optical sensi- 
tivity. 

Circle No. 84 on Inquiry Card 
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400-Cycle Transistorized 
D-C Power Supply 


New 400-cycle a-c-input d-c power sup- 
ply using a combination of magnetic 
amplifiers, transistors, silicon power 
rectifiers, and a silicon zener diode 
provides extremely reliable long life, 
excellent dynamic load regulation, and 
high-efficiency (70% at rated output). 
It has a transient regulation of +10% 
with a step change of no load to full | 
load or vice versa and recovers tu 
within 1% of the output voltage setting | 
in less than 0.1 seconds. Ripple is less 
than 0.05 volts RMS. A-C input is | 
115/200 to 126/220 volts and d-c out- 
put is 24.32 volts at 25 amps. The 
unit’s magnetic components use grain- 
oriented silicon steel and Class B in- | 
sulation for compactness and efficiency. 
Perkin Engineering Corp., El] Segundo, 
Cal. 


Circle No. 216 on Inquiry Card 


Pressure to Voltage System 


New unregulated pressure to voltage | 
system combines a pressure transducer 
with stable transistorized electronic 
circuitry containing mostly passive 
elements. The single package operates 
from standard unregulated 28-volt d-c 
aircraft and missile power supplies, 
and has a signal output of 0-5 or =2% 
volts d-c over the rated pressure range. | 
The instrument is very resistant to 
shock and vibration, due to the fact 
that the only moving part is the stiff 
metal diaphragm. Fatigue problems | 
due to acoustic vibrations also are 

virtually eliminated. No d-c or a-c 

amplifiers are used in the circuitry, 

eliminating the drift problems associ- 

ated with amplifiers. Instead, a trans- | 
istorized multi-vibrator works into a | 
completely passive circuit which in- | 
cludes a temperature-stable phase- sen- | 
sitive demodulator utilizing matched | 
silicon diodes. The use of this eco- 

nomical circuitry confines the neces- | 
sary a-c to within the shielded pack- 

age, making it unnecessary to run a-c | 
lines elsewhere in the system. The re- 

sultant d-c signal may be used as the | 

input to voltage-controlled oscillators | 
and d-c computers, as well as to other | 
d-c-input systems. Ultradyne, Inc. | 
Albuquerque, New Mexico. 


Circle No. 220 on Inquiry Card 


Synchro Test Set 


Used to measure electrical error, funda- 
mental null, total null, and electrical 
zero of synchro CX, CT, and CDX, 
new tester has the following specs: null 
accuracy, 2%; electrical error, less than 
10% of max. synchro error; size, 24 in. 
wide by 25 in. high by 17 in. deep. 
Theta Instrument Corporation, East 
Paterson, New Jersey. 


Circle No. 145 on Inquiry Card 
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TYPE TWF 
THIN-SECTION 
INSTRUMENT BEARINGS 


integral shielding plus 
these other advantages 


1. No loading slot — continuous shoulders for 
maximum thrust as well as radial loads 


2. Full ball complement — for highest radial 
and thrust load capacity — or 


8. Alternate undersize balls for extremely low 
torque requirements 


4. Two precision grades 


Only SBB T Series thin-section instrument 
ball bearings offer these combined advan- 
tages — maximum load capacity, high pre- 
cision, longer life, extra protection — all 
at competitive costs. T Series ball bearings 
are made in two high precision grades to 
AFBMA dimensions for B-500 Series. 
Available in 5 types and 12 sizes with bore 
sizes from 0.625” to 3.0625”. 





Write for new T Series Catalog 59 
containing complete information. 


9 split balibearing 


A DIVISION OF MPB, INC. 


515 HIGHWAY FOUR, LEBANON, NEW HAMPSHIRE 
CIRCLE 32 ON INQUIRY CARD 
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PAS Attempting to 
prove the existence 
of clairvoyance and 

telepathy, early 
experimenters 
used unique 
“playing cards” 
developed by 

Dr. Karl Zener. 
LMED’s ECM will 
appear clairvoyant 
to enemy radars 
by seeming to know 
beforehand, the 
precise signal 
structure to jam. 


ELECTRONIC ENGINEERS 


from enemy systems, make decisic 
respond with counter-radiations to p 
continuous protections for a ¢ c 


LIGHT MILITARY DESIGNS ACROSS THE ENTIRE 
EM SPECTRUM—FROM AUDIO TO INFRARED — 
The “Clairvoyant” Countermeasures system is , 
typical of LMED’s many programs that extend 
across the entire EM Spectrum. Other diversified 
programs now under way that offer accelerated 
career growth and substantial job security include 


Polaris Fire Control Computers, automated AEW, 


and a revolutionary Bomb/ Nav system. . 


FOR PROMPT CONSIDERATION send a post card 
containing the following information: your name, 
home address, home phone, degree(s) and year(s) 
received plus the technical areas you are 
particularly interested in to: 


Mr. William Gilmore. Dept. 29-MI 





LIGHT MILITARY ELECTRONICS DEPARTMENT 


GENERAL @ ELECTRIC 


WRITE DIRECT OR CIRCLE 33 ON INQUIRY CARD AND INCLUDE HOME ADDRESS 


FRENCH ROAD, re NEW YORK 


- 
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SYSTEMS DESIGN 


Variable Frequency Motors 





3 phase, variable frequency motors, 
from 320 to 1000 cycles, eliminates the 
need for running capacitors. Air-Marine 
Motors Inc., Amityville, N. Y. 

Circle No. 164 on Inquiry Card. 


Open-Frame Miniature DC Motor 


Permanent-magnet dc motor uses spe- 
cial magnet designs to achieve high 
starting torque at operating speeds 
upwards of 20,000 rpm, in a unit 
weighing only 1.4 ounce. The new 
motor is available for operation on any 
specified de voltage between 3 and 30 
volts, with armatures wound to produce 
any designed no-load speed between 
5,000 and 30,000 rpm at the specified 
input voltage. Locked-rotor torque is 
approximately 0.5 inch-ounce, with 
working torques in the range of 0.4 
to 0.1 inch-ounce between the output 
speeds of 5,000 and 20,000 rpm. With 
constant load, speed is almost a linear 
function of applied voltage, permitting 
speed control by varying the input 
voltage below the rate value. Cramer 
Controls Company, Centerbrook, Conn. 
Circle No. 217 on Inquiry Card 
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ELECTRICAL CONNECTOR 
Missile Actuation System 


Lightweight, reliable, low-cost, aero- 
dynamic surface control] system de- 
signed for in atmosphere missiles in- 
cludes 2 three-position actuators, 
solid propellant and igniter. Design 
eliminates gear train or levers since 
all differential action is obtained 
within actuators. Actuators can be 
designed for various loads and 
travel. System, as shown, weighs five 
pounds and exerts 50 inch pounds 
surface force. Bendix Prods. Div., 
Bendix Aviation Corp., So. Bend, 
Indiana. 


Circle No. 137 on Inquiry Card 
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DESIGN | 


Scientist at the Avco Research and Ad- 
vanced Development Division in Wil- 
mington uses an ultrasonic pulse sys- 
tem to measure the temperature of the 
new p'asma jet developed by Avco. The 
quartz probes extend into the plasma 


HI-TEMPERATURE SOURCE 


2500 To 12,000F Inexpensively 


A small inexpensive plasma generator, 
powered by a standard welding gen- 
erator, will produce temperatures rang- 
ing from 2500F to 12,000F and above. 
Such a temperature source, designed 
by Avco Research and Advanced De- 
velopment Div., Wilmington, Mass., is 
expected to have wide applications as 
a low-cost research and production tool. 

Using the Avco plasma generator, 
techniques may be developed to flame- 
spray refractory oxides and ceramics 
onto other materials to greatly increase 
their refractory properties. The unit can 
be fired into a vacuum or pressure 
chamber without major modification. 

In flame spraying, the material is fed 
as a powder into the flame, becomes 
liquid and is hurtled in fine, spherical 
droplets against the surface to be 
plated. Initial ceramic spraying ex- 
periments have shown that a slightly 
porous coating is deposited which im- 
proves the specimen’s surface thermal 
insulating properties and resistance to 
thermal shock. Avco has also used the 
plasma jet, as it is sometimes called, 
for materials testing and spectroscopic 
studies. 

The unit is especially suited to low 
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flame and transmit and receive sound 
pulses which are converted to temper- 
ature measurements. The small plasma 
generator has been measured above 
temperatures of 12,000F. 


cost operation because no special facili- 
ties or services are required. It oper- 
ates from a standard welding generator, 
using a commercial bottled gas such as 
argon, nitrogen or helium and tap 
water for cooling. At a power level of 


5 kilowatts it may be operated for an | 


almost unlimited period. 


Basically the unit is a high intensity | 
electric-arc consisting of a water cooled | 


tungsten cathode designed to reduce 


contamination to insignificance, and a | 


copper anode. It is 2% x 9 inches long 
and weighs 3% pounds. The jet can 


be varied by changing nozzles which | 


are available in 0.25 to 0.50 inch inside 
diameter. Standard nozzle size is 0.375 


inch inside diameter. The unit can also | 


be equipped with a pistol grip handle 
to develop techniques for arc plasma 
flame cutting and other applications. 

The new arc is part of a family of 
plasma generators being developed for 
industrial and laboratory use by the 
Research and Development Division of 
Avco. Avco’s larger plasma generator 
can also be adapted for use in arc- 
heated wind tunnels or for closely 
simulating environmental conditions of 
air enthalpy, pressure and heat flux as- 
sociated with hypersonic re-entry of 
ballistic missiles. Temperatures ob- 
tained with the larger generators have 
reached 18,000F. 

Circle No. 83 on Inquiry Card 
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DESIGN ENGINEERS 


Are You 
Interested in 


Inertial Guidance 
Radar Armament Controls 
Flight Controls 
Automatic Checkout Centrals 
Digital Computers 


If so, you should investigate cur- 
rent opportunities for you at 
Autonetics in the following: 


Electro-mechanical 
Packaging 


Packaging (Preservation 
& Shipping) 


Optical Instrumentation 


Cabling and Wiring 
Harnesses 


Digital Computer Devices, 
Assemblies and Circuitry 


Power Supplies 


Castings, Precision 
Instruments & Gearing 


Complex Systems Design 
Degree Required. 


Tell us about yourself and the 
work you would like to do. 


Send resume to: 

Mr. B. D. Benning 

Manager, Employment Services, 
Dept. L-91 

9150 East Imperial Highway 
Downey, California 


Autonetics 4) 


A Division of North American Aviation, Inc. 
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STATHAM P285TC 
: Oil-Damped Pressure 


This new, extremely rugged 
1 oil-damped miniature 
: pressure transducer 
: easily survives the - 
1 function pressures an 
' blast pressures of rocket 
engine environments. 
Measures pressures 
from 0-50 to 0-1000 psi 
with the infinite 
resolution, accurac 
and reliability of 
unbonded strain gage 
instruments. 
Absolute and gage 
models. 
Write for Data File 
EMD-603-1 


12401 West Olympic Boulevard 
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Transducer 
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STATHAM P10 
' Pressure Transducer 


In automatic transmission 
| pressure tests run by one 
, Of the world’s leading auto 
manufacturers, this rugged 
pressure transducer 
has outlived engine after 
engine throughout more 
than two years of 
24-hour-a-day 
test operation. 
Built to stand rough 
handling and mechanical 
overload in many t 
applications, the ' 
P10 affords the accuracy, | 
reliability and infinite 
resolution of 
an unbonded strain 
gage instrument. 
Write to Dept. EMD-604-1 


STATHAM INSTRUMENTS, INC. 





12401 West Olympic Boulevard | 
Los Angeles 64, California 
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NEW TECHNIQUES 


MOISTURE MONITOR 


Cell Electrolyzes Moisture Present 
In Stripping Gas 


An electrolytic cell employing a coule- 
metric principle delivers accurate, rap- 
id analysis of moisture in trace or 
percentage quantities. Consolidated 
Electrodynamics new monitoring in- 
strument gives a continuous read-out 
of the quantity of moisture in liquids, 
Quantities as small as one part per 
million can be detected. 

To adapt the electrolytic principle 
for use with liquids, CEC introduced a 
stripping column ahead of the elec- 
trolytic cell to remove all moisture from 
the liquid sample. The liquid trickles 
down an internally threaded groove in 
the column. As stripping gas passes 
from bottom to top through the center 
of the column, it pulls the moisture 
with it. Internal construction assures 
that the gas and liquid are brought 
into intimate contact and that foreign 
gases or moisture are not introduced. 
The stripping gas then passes into the 
electrolytic cell for analysis of the 
amount of moisture it has accumulated. 





Besides making moisture detection and 
control quicker and more accurate, the 
continuous monitor will be useful in 
automation for controlling moisture 
content in liquids. This advancement is 
not possibe with conventional wet-chem- 
ical procedures which have the disad- 
vantage of being dependent on human 
operations in samp'‘e taking, instru- 
ment reading and adjustment. The new 
moisture monitor can signal the open- 
ing or closing of valves to maintain a 
precise addition or rejection of mois- 
ture. Because of its rapid response 
characteristics, the instrument will 
eliminate much complex controller 
mechanism and installation engineering 
time. 


The cell consists of a small diameter 
tube that houses a pair of platinum 
wires wound in a double helix on its 
inner surface. A _ partially hydrated 
phosphorous oxide film coats the wires 
and the space between. Resulting cur- 
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rent flow is directly related to the mass 
flow rate of moisture through the cell 
by Faraday’s law, which states that 
2 x 96,500 or 193,000 coulombs are 
required to electrolyze one molecule of 
water. Therefore the current is propor- 
tional to the mass flow rate of moisture 
through the cell. Because the total 
mass flow rate of liquid sample into 
the instrument is held constant by a 
metering pump, and moisture in this 
liquid is quantitatively removed in the 
stripping column, the current gener- 
ated by the cell is proportional only to 
the moisture content of the liquid 
sample. 

An inert dry gas with a moisture 
content of less than 500 parts per mil- 
lion is suitable for stripping. A second 
electrolytic cell is used to remove 
moisture from the stripping gas before 
the bag, in turn, strips moisture from 
the liquid. 

Important applications of CEC’s 
moisture monitor are: the monitoring 
of moisture in jet fuel; the instant de- 
tection of moisture in catalytic reformer 
reeds, solvents in metal cleaning sys- 
tems, transformer oil where dielectric 
properties are critical, hydraulic system 
oils, refrigerants, foods, and in dis- 
tillation or extraction systems. 

Circle No. 75 on Inquiry Card 





CIRCUIT QUALITY CONTROL 


Contaminants Fluoresce 
Under Black Light 


Did you know that solder flux, brazing 
flux, welding slag and other materials 
used in intricate electronic equipment 
fluoresce under black light? Black 
Light Corp. of America says these 
materials act like “built-in light bea- 
cons,” often revealing that the equip- 
ment is not as clean as expected. If 
not removed they act as soils and con- 
taminants. They can cause corrosion 
and current leakage and prevent firm 
adhesion of potting compounds. Black 
Light Corp, recommends monitoring 
the cleaning process by checking with 
black light. They say that a curtained 
booth with some diffused white light, 
near the cleaning process, is an ideal 
inspection area. Suggested black in- 
spection check points are: 1) after 
sub-contractor completes blank circuit 
board; 2) when prime contractor re- 
ceives blank board 3) during cleaning 
process after mounting components 
on printed circuit and, 4) before user 
installs printed circuit. 
Circle No. 94 on Inquiry Card. 
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-.. electrocardiograph equipment= 
another Borg Motor application. 


FOR RELIABLE 
INSTRUMENT 
POWER 


Borg Motors provide reliable power sources for precision instrument 
equipment. Permanently sealed bearings and high-quality gearing 
assure minimum noise and continued high-level performance. Long 
known as efficient power sources for recorders and timing devices, 
Borg Motors are reliably serving many manufacturers of medical 
equipment, industrial television and many other instrument lines. 
Available from 1/2000 to 1/750 horsepower ... 2 and 4 pole... 


synchronous and induction . . . with and 





without gear trains. Gear-train motors 
have stainless steel output shafts. 


Write for complete data. 


Ask for Catalog BED-A90 


BORG EQUIPMENT DIVISION 


AMPHENOL-BORG ELECTRONICS CORPORATION 
JANESVILLE, WISCONSIN 


MICROPOTS + MICRODIALS + INSTRUMENT MOTORS + FREQUENCY STANDARDS 


CIRCLE 70 ON INQUIRY CARD 
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MATRIC CALCULUS COMPUTER 


1 to 1 Correspondence Between 
Network Components and 
Matric Entries 


Washington University in St. Louis re- 
ports that the first matric calculus 
computer to work with both general 
matric equations and with differential 
and integral calculus equations has 
been developed by Pierre M. Honnell, 
Washington University professor of 
electrical engineering, and his doctoral 
students. 

An expanded program of research 
and development of the computer will 
get underway this fall in a computing 
devices research laboratory which is 
being established in the school’s new 
Engineering Laboratory Building. 

While digital computers use the 
fundamental mathematical concepts of 
adding and subtracting almost exclu- 
sively in their operation, matric equa- 
tion analyzers work with entire equa- 
tion systems instead. 

Advantages of the matric calculus, 
Honnell says, are conciseness and 
generability of notation, high analyti- 
cal power and wide applicability. 
Formerly used primarily in mathemati- 
cal research, matric methods now are 
applied with increasing frequency to 
scientific problems in physics, dy- 
namics, electric networks and _ eco- 
nometrics. 

The theory behind Honnell’s com- 
puter is based on the synthesis of elec- 
tronic (i.e.), active networks on an ad- 
mittance basis. The basis is such that 
each matric entry of the mathematical 
equations being solved is represented 
by only one physical component in the 
synthesis network. A complete ho- 
meomorphism or | to 1 correspondence 
exists, which theoretically can be made 
as exact as desired, between physical 
network components and mathemati- 
cal matric entries. 

Honnell’s theory synthesized net- 
works which exhibit the solutions of 
matrically-formulated mathematica] 
problems, such as system of differential 
equations. 

The electronic synthesis networks 
can be ordered physically to show a 
complete isomorphism between the ad- 
justable physical network components 
and the mathematical elements of the 
problem to be solved. In other words, 
the machine problem control panel 
can be designed in the typical mathe- 


matical matric array. 
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This experimental electronic tube, under early development at the Westinghouse 
research laboratories, gets its all-essential supply of electrons from a tiny crystal 
of silicon carbide no larger than the head of a pin. The crystal replaces the hot, 
power-consuming cathode usually found in conventional e'ectronic tubes. The 
tube depends upon a new form of electron emission discovered in a semi- 
conductor material, silicon carbide. Successful application of the discovery would 
result in a “solid state’ electronic tube that would combine into a single device 
many of the advantages both of semiconductors and vacuum tubes. The silicon 
carbide crystal is inside the cartridge being inserted into the tube. 


NEW ELECTRON SOURCE 


Electronic Tubes May Some Day 
Be “‘Transistorized’”’ 


Physicists discovered recently that a 
constant flow of electrons can be ob- 
tained directly out of the surface of 
certain semiconductor materials. The 
latest semiconductor to yield this effect, 
is silicon carbide—a hard, crystalline 
solid best known for its widespread use 
in impure form, as an abrasive in 
grinding wheels. Density of the elec- 
tron flow or “emission” is equal to that 
in the average electronic tube. The dis- 
covery was made by two research phys- 
icists, Dr. W. J. Choyke and Dr. Lyle 
Patrick, of Westinghouse Res. Labs. 

“In recent years, transistors and re- 
lated devices have replaced conven- 
tional electronic tubes in a wide vari- 
ety of modern electronic equipment,” 
Dr. Clarence Zener, director of West- 
inghouse research, said in disclosing the 
new discovery. “By removing the most 
serious limitation of the ordinary elec- 
tronic tube, this discovery in semicon- 
ductors might reverse this trend and 
bring a new lease on life to the very 
device which semiconductors seem des- 
tined to outmode.” 

“Applied successfully to a vacuum 
tube, this new method of electron emis- 
sion from semiconductors would do 
away with the whole inefficient process 
of boiling electrons out of a coated 
metal wire, or cathode, at high tempera- 
tures,” Dr. Zener declared. “One can 
visualize a tube in which the usual 
heated cathode is replaced by a small 
semiconductor crystal having a built-in 
‘junction’ like that in a transistor. The 
crystal would consume a negligible 
amount of power and would yield elec- 


trons instantly and indefinitely when 
a small voltage is applied across it.” 

The escape of electrons from silicon 
carbide accompanies the emission of 
visible light from the crystal. This visi- 
ble light is a form of electrolumines- 
cence, and occurs when enough volt- 
age is applied across the junction to 
cause breakdown, that is, loss of the 
junction’s normal electrical resistance. 

When breakdown occurs, small blue 
spots of light appear in the crystal in 
the region of the junction. Electrons 
escape from these bright, light-emitting 
spots, especially from those located 
nearest the surface of the crystal. The 
spots are small, only about 50 mil- 
lionths of an inch in diameter. From 
the spots the Westinghouse scientists 
have measured currents up to one 
millionth of an ampere, which indicates 
that the density of the electron flow is 
quite comparable to that from the cath- 
ode of a typical vacuum tube. 

It is particularly interesting that this 
perfectly adequate flow of electrons 
originates from a tiny, pin-point source. 
Such a source would have many ad- 
vantages in the construction of com- 
plicated tubes. It would simplify focus- 
ing of the electron beam and eliminate 
much of the complicated tube construc- 
tion now employed for this purpose. 

In view of the present-day emphasis 
upon miniaturization of electronic 
equipment, elimination of the large, 
hot, power-consuming cathode would 
be a major advance in electronic tube 
development. The potential advantages 
of such a “solid state” tube has stimu- 
lated at the Westinghouse research 
laboratories further research on the 
electron emission from silicon carbide 
as well as a program aimed at making 
eventual use of the phenomenon. 
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A new method for growing germanium and other semiconductor materials, dis- 
covered by scientists at the Westinghouse research laboratories, may make the 
manufacture of transistors and similar semiconductor devices fully automatic. This 
“hand built” version shows how it might be done. The devices are formed as a 
continuous series of dots along the long, thin, mirror-flat surface of the crystal. 
Electrical connections are then made to the dots, after which they are separated 
from the germanium strip. Placing the unit in a plastic or metal container com- 
pletes the process. Westinghouse scientists see no reason why the whole process 
cannot eventual'y be done automatically by machine at high speed and with high 


reliability. 


GERMANIUM DENDRITES 


A-“Molecular Electronics’’ Material 


Another very promising semiconductor 
development by Westinghouse scien- 
tists was disclosed by Dr. S. W. Her- 
wald, Westinghouse vice-president-re- 
search. They have constructed long 
ribbons of semiconductor devices by 
forming them along the surface of long, 
thin crystals of germanium about an 
eighth inch wide and a few thousand- 
ths of an inch thick. Such construction 
appears to be feasible for the automatic 
production of transistors and other solid 
state devices directly by machine. 

“These devices demonstrate the ulti- 
mate usefulness of a revolutionary new 
method for growing germanium which 
was recently discovered in our labora- 
tories,” Dr. Herwald said. “This tech- 
nique grows the germanium as thin, 
flat continuous strips, or dendrites—the 
exact form in which it can be used di- 
rectly in finished semiconductor de- 
vices. 

“The unique continuous form of 
these dendrites, their remarkable uni- 
formity, and their freedom from com- 
plicated processing make them unusual- 
ly attractive, not only for automatic 
processing into useful devices, but also 
for the building of the most advanced 
kind of electronic systems.” 

Conventionally, germanium is grown 
as a thick, round ingot that requires 
costly, time-consuming processing to 
produce useful devices from it. In con- 
trast, such devices can be constructed 
directly on the smooth, mirror-like sur- 
faces of germanium dendrites exactly 
as the material is grown. 

The development of working devices 
from dendrites is being carried out un- 
der a $2 million “molecular electronics” 
contract recently awarded to Westing- 
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house by the Air Force’s Air Research 
and Development Command, Dr. Her- 
wald reported. 

Carried through to the development 
of over-all systems, the molecular elec- 
tronics concept could drastically reduce 
the size, weight and power consump- 
tion of electronic systems. This concept 
involves a new understanding of the 
basic nature and capabilities of mate- 
rials and a new approach—on a mole- 
cular and atomic scale—to the concep- 
tion, design and development of ma- 
terials that exhibit these capabilities. 

“In molecular electronics one seeks to 
combine several separate electronic 
functions into a single operating unit 
that duplicates their over-all electrical 
behavior,” Dr. Herwald explained. “For 
example, one can conceive of a single 
tiny slab of solid material that performs 
the function of a combination of transis- 
tors, resistors, capacitors, plus other 
circuit components, and yet contains 
none of these as actual entities. 

“To perform such an operation, a 
solid state device must reach an en- 
tierly new order of perfection. Con- 
ventional ingots of semiconductor ma- 
terials, which must go through tedious 
and complicated manufacturing proce- 
dures, are not likely to yield the near- 
perfect devices required for the job. 

“Crystalline dendrites can make such 
units possible. Their quality is more 
uniform because of the unique way in 
which they grow; furthermore, their 
desirable properties are not jeopardized 
by long and complex processing into 
usable form. 

“These characteristics, and the fact 
that they grow as high-quality con- 
tinuous ribbons, make dendrites also ap- 
pear to be the only form of material 
that now looks feasible for the fully au- 
tomatic production of semiconductor 
devices.” 
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The chemistry of trace “impurities” has rapidly assumed 
a position of prime importance in materials technology. 
The term “impurities” in some instances is a hangover 
from one of the instinctive drives of the chemist; to 
obtain elements and compounds that are absolutely pure, 
that do not contain any foreign atoms. This drive has 
led the chemist to devise all varieties of ingenious 
procedures for detecting and measuring the quantities 
of trace impurities in very pure materials. 

Materials technology has benefited in an important 
way from these advances in trace element analysis. The 
development of solid state devices such as semi-conduc- 
tors, electroluminescent and phosphorescent materials 
depends heavily upon the ability to control very small 
concentrations of “impurities” in a high purity solid 
matrix. The development of high temperature and cor- 
rosion resistance metals has caught its second wind by 
the recognition of the profound effects that small traces 
of impurities can exert on the ultimate physical proper- 
ties of metals and alloys. In particular, small quantities 
of oxygen and hydrogen may spell the difference be- 
tween a substandard lump of metal and a high perform- 
ance material. The deleterious effect of oxygen on the 
conductivity of copper has been recognized for several 
decades. The control of oxygen and other gaseous im- 
purities in metals by high vacuum fusion has made 
practical the use of many high performance metals to 
meet severe environmental requirements. Titanium and 
zirconium were mainly laboratory curiosities ten years 
ago. Minute concentrations of boron in certain super- 
alloys have a marked effect upon the ultimate physical 
properties of these alloys. 

The history of events, human or technological, is 
always written from a point of view, for it is the de- 
velopment or discovery of new institutions or tools that 
determines essentially the lines along which events will 
progress. So one might logically write the history of 
modern materials technology from the point of view of 
the analytical tools that the chemist has developed in 
his quest for purity. This quest has led him along the 
path of measuring the “impurities” as a means of estab- 
lishing the purity of his materials. 

The metallurgist recognized some time ago that his 
problems involved an additional variable of prime 
significance, the control of certain constituents in highly 
localized areas. In particular, the composition of the 
grain boundaries and precipitated phases determine many 
of the properties of alloys. The problem has been diffi- 
cult to solve since there was no useful tool available to 
examine the differences in composition between the 
grains and the grain boundaries. Empirical practices are 
used to control the properties of alloys, where the gross 
composition is known, by heat treatment in controlled 
atmospheres, nitriding, carburization and similar proc- 
esses. However, it has not been possible, until recently, 


to measure the effects of such treatments on the compo- 
sition of the grain boundaries or precipitated phases. 

The development of a new instrument, the electron 
probe microbeam analyzer, now bestows upon the metal- 
lurgist the power to examine in detail the composition 
of these most vital areas and will enable him to correlate 
the results of his empirical processes with something he 
can measure accurately. The potentialities of the electron 
probe microbeam analyzer were recognized immediately 
by the metallurgist, since he has been muttering prayers 
and offering burnt sacrifices for such an instrument ever 
since the importance of grain boundaries was recognized. 
In fact, this instrument, developed as a Ph.D. thesis by 
a French metallurgist, P. Castaing, is not limited in any 
way to metallurgical applications. There are many in- 
stances where only a very small quantity of material is 
available for exmination or highly localized areas must 
be examined where the ability of the electron probe 
microbeam analyzer can supply the answer rapidly and 
accurately. Micrometeorites are being analyzed very 
successfully by this technique. 

Two important advantages of this technique are its 
non-destructive character and the ability to analyze an 
area of one micron in diameter (a micron is 10-*cm). 
The penetration of the electron beam into the sample is 
limited by the stopping power of the matrix material 
and this is of the order of one micron, so that the volume 
of material scanned is about a cubic micron. Limitations 
of this technique are principally the difficulty in analyz- 
ing elements below sodium in atomic number and a 
lower limit of detectability of 0.1-1.0% depending upon 
the element sought and the matrix in which the element 
occurs. Actually, elements as low as carbon (atomic 
number 6) have been measured, but this requires special 
systems not easily adaptable to the measurement of 
higher atomic number elements. 


PRINCIPLES OF OPERATION 


The operational principles of the electron probe 
microbeam analyzer were well known thirty years ago. 
C. G. Barkla discovered in 1911 that the x-radiation of 
the elements had characteristic frequencies which were 
unique for each element. Two years later Mosely dis- 
covered that the square root of the characteristic x-radi- 
ation frequency was proportional to the atomic number 
of the element. In practice, an electron beam is used 
to bombard the surface of the sample and produce the 
characteristic x-radiation of the elements present in the 
sample. The composite x-radiation spectrum thus pro- 
duced is analyzed in a crystal spectrometer, which sepa- 
rates each of the characteristic lines present. The wave- 
length, or frequency, identifies the element present and 
the intensity of the x-radiation is a function of the con- 
centration of the element. Comparing the intensity of 
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the x-radiation with a known standard determines the 
concentration of the element. 

Engineering-wise, the design of a useful instrument 
is quite complex. The electron beam must be focussed 
properly to maintain the desired diameter. Also, the 
electron beam intensity must be stabilized since the 
intensity of the excited x-radiation will vary with the 
electron beam intensity. An optical system must be 
designed to permit precise location of the areas to be 
analyzed and alignment with the electron beam. All 
this is done in a high vacuum, since the electron beam 
will be scattered and attenuated in air. Virtually all the 
instruments used to date in this country have been 
“home brew” affairs, starting with an electron micro- 
scope as the source of the electron beam. A commercial 
instrument, the Microsonde, is now available. It is manu- 
factured in France by CAMECA, represented in the 
U. S. by Intercontinental Electronics Corporation, 
Mineola, New York. 


TYPES OF PROBLEMS SOLVED 


A few examples of the types of problems that have 
been investigated by the electron probe microbeam 
analyzer illustrate the potential utility of this technique. 
Most of these examples are drawn from the field of 
metallurgical research, since the metallurgists have been 
quick to grasp its obvious advantages. 

Diffusion of metals is a natural subject for investiga- 
tion by electron probe microbeam analysis. The pro- 
cedure, extremely simple and rapid, subjects the diffusion 
couple under study to the selected conditions of tem- 
perature, time and other variables chosen for the ex- 
periment. A sample of each of the couples is then placed 
on the stage of the microprobe analyzer and scanned 
transversely across the interface. Since the scanning can 
be done in steps of one micron, it is possible to locate 
the boundary of the diffusion layer quite precisely and 
determine the rates of diffusion with an accuracy dif- 
ficult to approach by other procedures. The problem of 
metal diffusion is becoming increasingly important in 
high temperature materials as the temperature limits are 
raised. 

The same technique can be used to estimate the 
thickness of oxide layers on metals, the nature of the 
interface of ceramic clad metals, and similar problems 
where a concentration gradient can exist across small 
distances. Segregation of alloy constituents in the various 
phases can be detected and measured rapidly by this 
technique. A similar problem that has been attacked by 
the microbeam analyzer is the composition of scale and 
metal inclusions. Analysis of welds has been extremely 
helpful in determining the cause of poor weldability of 
certain alloys or in pointing out the conditions under 
which good welds could be obtained. 

The general analysis of very small particles of material 
is a natural application of microbeam analysis. The non- 
destructive nature of this technique is an extremely 
valuable feature in many instances. The extremely high 
distance resolution of the one micron beam can be used 
to study the nature of the junction type semi-conductors 
to determine diffusion patterns. Many other applications 
of this ingenious instrument will suggest themselves to 
technologists in various fields; it is too good a thing to 
permit the metallurgists to hog it all for themselves. 

So, if you want to know what is in a cubic micron of 
matter, just ask the electron probe microbeam analyzer. 
The chances are you can get the answer. 
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THERMOSTATIC 


DELAY RELAYS 


2 to 180 Seconds - 
Actuated by a heater, they operate on: 
AC, D.C, or Pulsating Current. a 
_ Hermetically sealed. Not affected by 
: altitude, moisture, or climate OI ae: 
SPST only—normally open or closed, 
Compensated for ambient temperature 
changes from —55° to +-70° C Heat- 
ers consume approximately 2 W. 
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may be operated continuously. The 
DELAY are rugged, explosion-proof, | 
| RELAY lived, and—inexpensive! 
F TYPES: Standard. Radio Octal, ood | 
i 9- Pin Miniature . . List Price, $4.00. 
b Standard Deloys 


‘Also — Amperite Ditferential Re- 
fays: Used for automatic overload, un- 
Berg aoe Atv 
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BALLAST REGULATORS 


3 py heeerite Regulators are designed to keep the 

— current in a circuit automatically regulated 

at a definite value {for example, 0.5 amp.) 

rs Le fee currents of 60 ma. to 5 amps. Operate 
on AC, D.C, ee Current. 


PROBLEM? Send for 
Bulletin No. TR-81 
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VOLTAGE OF 24V ‘ WITH AMPERITE REGUL A TOR 


BATTERY 6 CHARGER | VOLTAGE VARIES 
VARIES APPROX. : ONLY 


50% :_ 2% _ 


Hecrasticolly sealel they an are not affected by changes in abitude," 
ambient temperature (—55° to -+-90° C.), or humidity... Rugged, — 
light, compact, most ine: ee List Price, $3.00. 
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GENERALIZED DYNAMIC LOAD CHARACTERISTICS 
B 
C. H. Pearsall Jr., A Engineer 
Fairchild Astrionics Div. 
Fairchild Engine and Airplane Corp. 


The dynamic load characteristics introduced by S. Davis 
in the article, “DLC of electric motors”, Electromechanical 
Design, Jan.-Feb., 1958 is an extremely useful repre- 
sentation of a servomotor under load. It allows the designer 
to find the available power from the motor and the opti- 
mum gear ratio for any load acceleration to velocity ratio. 
The usefulness of this characteristic results from two facts: 
@ The acceleration to velocity ratio is unchanged be- 
tween load and motor. 

e@ At some speed, a maximum available output from a 
motor is obtained for a given acceleration to velocity 
ratio. 

The purpose of this article is to extend the DLC tech- 
nique and to indicate the applicability of the DLC when 
the motor is operated at less than balanced conditions. 
This latter condition, often encountered in practice, is 
easily handled by the practical equations describing servo- 
motor performance furnished by S. Davis in “Two phase 
motors’, Electrical Manufacturing, Sept., 1956. 

On a normalized basis, the torque obtainable from a 
motor as a function of speed is given by: 


Px 









In our Jan.-Feb., 1958 issue, Sidney Davis presented 
a novel approach to calculation of the dynamic be- 
havior of electric motors based upon a dynamic load 
characteristic (DLC) for each individual motor. Using 
the DLC it is possible to immediately ascertain the 
suitability of the motor and the optimum gear ratio for 
driving and accelerating a combined friction and iner- 
tial load. Mr. C. H. Pearsall, Jr., of Fairchild As- 
tronics Division here presents an improved analytic 
method resulting in universal curves for immediate ap- 
plication to servomotors. 














tk = K + d[l1 + K?)/2]v + Kmv? (1) 

= K-+d’v + m’v? 
where d=4y-—1 (2) 
m = — 4y (3) 


and where t= T/T, is the normalized torque 
T, is the stall torque 
v = N/N, is the normalized speed 
N, _ is the no-load speed 


K is a factor giving percentage of 
rated voltage 
Y is a factor representing the curva- 


ture of the torque-speed curve 
The coefficient of v, namely d’, is a measure of the “lin- 
earized damping” of the unit. 


Py 27 (14477*) 


Fig. 1—Normalized Available Power. 
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Fig. 2—Normalized Acceleration To Speed Ratio vs. Normal- 
ized Speed. 


TABLE | 
Table of constant C 











y L* [25 0.4. 0.5 

K _ | 0.0 i 02 
1 2. 00 1.20 0.40 
0.9 2.01 1.21 0.40 
0.8 | = | 2.05 1.23 0.41 
0.7 | @ | 2,13 1.28 0.426 
0.6 2 2.27 1.36 0.454 
0.5 2. 50 1.50 0.500 

















c=L (47-1) (gtk) 


The general normalized power equation is given by: 


p = 4v(t — a) 
(4) 
where « =«/A, is the normalized angular acceleration 
x is the “theoretical stall acceleration” 


A 
= P/P, is the normalized power 
= 4N,T, is the maximum power for a straight 
line speed-torque characteristic 
J is the inertia 
Also two useful conversion formulas are given: 
o = (1/5408)N.T, 
, = 386T,/J 


P 
Py 


> 
ou 


where 


Das 


is in units of oz-in 
» is in units of rpm 
is in units of watts 
is in units of oz.-in.? 
is in units of rad/sec.? 
The optimum operating points occurs when the tangent 
to curve (4) plotted as « vs v with p as the family parame- 
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Pressure-Vacuum Controls 
for Industrial, 
Aircraft, Marine, 
Special Purpose 





APPLICATIONS: Unlimited. For 28 years, we have been 
designing and manufacturing controls to fit individual needs. 


MEDIUM: Air, gas or liquid. 
| RANGE: 30”hg vac to 1700 PSI. 
| SENSITIVITY: 3/4 + 1/10” W.C. and up. 


SWITCHES: Normally closed, open or double throw. Manual 
reset, high ambient and others available. 15 or 20 amps. 
115/250 Volts AC, Also DC. 


TYPES: Skeleton or enclosed, calibrated or uncalibrated, 
single or multi-switch, minimum size and weight, 
differential pressure, absolute pressure, super-sensitive, 
shock-proof, explosion-proof and others. 


OPERATION: Precision-made bellows combine with full rated 
snap-action switches for quick accurate response to pressure 
or vacuum change. 


For further information request Condensed Catalog #500. 


UNITED ELECTRIC 


CONTROLS COMPANY 
88 School St., Watertown, Mass. 
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yields d’v + 2m’v? + p/4v = K + d’vy + m’v? — p/4yv 
p/2v = K — m’v? = K(1 + 4yv?) 
Let C= [(1+K)/K][(4y — 1)/2] 
or a = (K/2)[1 — 12yv?] + KCv 
then the final equations are: 
p/K = 2v(1 + 4y v?) (10) 
(x/v)/K = (1/2) [(1 — 12yv2/v] (11) 

For most servomotors, y lies in the range 0 <y <0.5, 
and we shall usually operate with K = 1 but under special 
conditions (eg. with limited transistor drive), K could be 
useful in the range 0.5 <K <1. For the case K approach- 
ing zero (near null condition), the K normalized equations 
are not useful since the term K + (1/K) increases without 
bound. Therefore, multiplication of (10), (11) through by 
K eliminates this difficulty since the first term in (11) is 
proportional to K and in (10) is proportional to K, while 
the second term in (11) approaches a_ constant 
[(4y — 1)/2]. 

The separate curves of p/K and [(a/v)/K] —C are 
given for reference in Figs. 1 and 2, respectively. When the 
parameter v is eliminated, universal DLC’s result (see Fig. 
3). A table showing the appropriate C as a function of K 
and of vy is given for reference in table I. 

Inasmuch as the family of DLC’s are normalized with 
respect to K, and K appears in the constant term of (11), 
the only effect of a K variation from the plotted value of 
K = 1 is to shift the normalized DLC curves in the hoti- 
zontal direction. For example, K equal to the useful value 
of 0.5 yields a shift to the right a distance equal to 0.25 
for the y = 0.5 DLC. The normalized crossover is now 
p/(1/2) = 3 or effectively 3/2 whereas before p = 2 ap- 
plied. Thus, a 25% reduction in the available power has 
occurred under the zero acceleration conditions. By using 
this technique, the variations with respect to K changes are 
easily visualized with precision. 

Typical data on servomotors is given in table II for 
reference convenience. Additional data may be accumu- 
lated by the designer with the only effort being expanded 
in the calculation of y. 





Welded Metal Bellows 
SIA Kv Se ere ye 
A Welded Metal Bellows Design Manual and a Bellows 
Design Slide Rule are available from the Belfab Corpora- 
tion. The manual contains advanced mathematical formulas 
enabling design engineers to compute reasonable design 
parameters for welded metal bellows, for use as volumetric 
expansion devices, pressure sensors, rotary and linear seals, 
aneroids, stem seals, expansion joints, gimbal joints, etc. 
Both the manual and slide rule are free. 


Source: Belfab Corporation, 
Hamden, Connecticut 
For your copy: Circle No. 254 on Inquiry Card. 


WORTH FILING 
Panel Instruments 


24 page bulletin covers a full line of panel instruments 
ranging from standard commercial units to those used for 
military purposes. Described are a-c meters, d-c meters, 
elapsed time meters, aircraft instruments, and shunts and 
current transformers. Photographs, dimension drawings, 
tables of ratings, and complete descriptive data are given 
for each. A section explains how to select panel instru- 
ments. Bulletin 3-15 is printed in two colors, in a handy 
8% x 11” size. It is three-punched so it can be filed in a 
notebook for easy reference. 

Source: Federal Pacific Electric Co., 


Newark, N. J. 
For your copy: Circle No. 260 on Inquiry Card. 
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@ PRECISION 
POTENTIOMETERS 
Single-turn Multi-turn 


© SYNCHROS 
@ SERVO MOTORS 


@ SERVO MOTOR 
GENERATORS 


@ TACHOMETER 
GENERATORS 


A SPECIAL ANNOUNCEMENT 


SIZE 23 SYNCHROS 
MADE IN ACCORDANCE 
WITH MIL-S-12472 


* 60 & 400 cycle types in CT, CX, 
TR, TX, CDX, TDX, TDR 
* Immediate Delivery 





@ GYROS * Particular attention 
to small quantity orders 
© SERVO * Source inspection available 
AMPLIFIERS Behari cobs pry: he og 
Also size 23 Resolvers _—i| 
@ GEARS & : ’ 
PRECISION a 
GEAR UNITS Size 18 & 15 Synchros avyail- 
able on a similar basis in 
© PRESSURE 
TRANSDUCERS — 


Your inquiry will receive 
prompt consideration. 


@ “SERVO-KIT" 


@ "SERVO-SPEED 


TORQUE-UNIT" WRITE FOR COMPLETE 


CATALOG 














PLymouth 9-2875 


SERVO SYSTEMS. 


14 CARMER AVENUE BELLEVILLE 9, N. J. 





Compression & Tension Type 


Aircraft cable is strung with spherical steel 

shells in a rigid or flexible housing sealed 
emer with “O” rings. 3” standard bend radius. 
) y %" minimum bend radius. 


Three Types: 

1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 

2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 





Positive remote controls for actuating mechanical, hydraulic 
or other devices. Eliminate bell cranks, pulleys, and dua 
caples, U.S. Patent No. 2441719. All world rights reservea 
send for ENGINEERING MANUAL giving complete speci- 
neations covering materials, finishes, capacities. Piease 
uddres« Dept. EMD-PP-59. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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MANAGEMENT 


STAFF COLUMNIST 


Hyman Olken 
Head, Standard Specification 
and Information Group 
UNIVERSITY OF CALIFORNIA— 
RADIATION LAB. 





CHARACTERISTICS OF 
THE INVENTING PROCESS 


The mental process of inventing is not a rigid, strictly 
logical (orderly) mental procedure. And no one has ever 
looked into an inventor’s brain while the process is going 
on and seen how the wheels go around. However, from the 
literaure of those who have studied the creative mental 
process, and primarily from observations of those who have 
studied their own mental operations in creating an inven- 
tion, certain characteristics of the process have come clear. 
A study of these characteristics can help point the way to 
improving our creative mental abilities. 


CLEARING THE AIR 


Before looking into what has been made known about the 
inventing process it would be profitable to clear the air 
and define the terms that we will use most commonly. 

Engineering, Invention, Research. Throughout these 
columns we shall frequently have reference to three basic 
technical activities—“engineering,” “research” and “inven- 
tion.” To most people these words are vague. The following 
explanations will assign distinct meanings to these terms 
so we can see them with clarity and precision. 

Let us first consider what is signified by the terms “engi- 
neering” and “invention”. Suppose, for example, you ask an 
engineer to design a conventional soaring airplane to meet 
a specified speed, rate of climb, ceiling, pay load, and so 
forth. The engineer will analyze the group of physical 
principles which in combination, make flight in heavier- 
than-air craft possible. That is, each principle is taken 
apart by itself (angle of incidence, angle of lift, and so 
forth) and proportioned to suit the specification require- 
ments, Then all the different elements, each properly pro- 
portioned, are grouped together to provide the complete 
design. This is engineering. 

But suppose that only the conventional soaring type of 
airplane is known, and you ask the designing engineer to 
devise a new type of airplane—one that rises by flying 
straight up instead of by soaring.. The known combination 
of scientific principles which produces soaring flight will 
not do. His problem now is to provide a new combination 
of physical principles that makes possible vertical flight. 
This is a problem of invention. 

But invention and engineering alone are not enough to 
bring about the industrial success of technical develop- 
ments. For example, DeForest combined the physical 
principle of a thermionic current flowing between plate 
and filament with the principle of a grid located between 
plate and filament to control the thermionic current. He 
thus invented a highly sensitive amplifier. 
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Starting with this column and continuing monthly, 
Electromechanical Design will publish excerpts from a 
manuscript by Mr. Olken constituting a course in the 
art of inventing. Mr. Olken proposes to cover a training 
program whereby engineers and scientists can educate 
themselves to increase their creative ability and produc- 
tivity. 














Engineers knew the laws of thermionic emission, so 
could proportion the filament to produce and specified 
current. They also knew the laws of space charge, so 
knew how to proportion the space between filament, grid 
and plate, and how much voltage to put on each. In other 
words, they knew how to take apart the combination of 
physical principles that made up the three-element vacuum 
tube, proportion each, then put them together again to 
produce a tube of any desired capacity. 

However, it was found that only small, weak tubes, 
those that used less than about 45 volts on the plate, 
would work. In higher power tubes (using more than 45 
volts on the plate) the thermionic currents to the plate 
became very erratic, and everything the tube amplified was 
highly distorted. Thus the combination of principles for 
the thermionic amplifier was known, the design principles 
were known, but only tubes of very small power could 
be built. 

Irving Langmuir of the General Electric Company then 
did some systematic investigating, or research, and found 
the cause of this irregular behavior of three-element 
tubes at more than 45 plate volts. (Similar advances were 
made by both Arnold and Campbell of American Tel. & 
Tel. Co. See Blake, G. G., History of Radio Telegraphy 
and Telephone; also Maclauren, W. R., Invention and 
Innovation in the Radio Industry.) Langmuir discovered 
the irregularity was due to ionization of the gas inside the 
tube by the stream of electrons flowing toward the plate. 
So he removed the gas until a high vacuum existed inside 
the tube. Then the tubes behaved smoothly as amplifiers 
in sizes up to those having thousands of volts on the plate. 
High power amplifiers could then be built. 

Thus we have definitions of the three functions nec- 
essary for the industrial success of any technological de- 
velopment: 

e@ Invention. Forming a combination of scientific prin- 
ciples which makes possible the desired machine or process. 

e Engineering. Breaking down this combination of prin- 
ciples into its elements, proportioning each to suit the speci- 
fications, then combining all to produce the final design. 

e@ Research. Systematic investigation to discover un- 
known scientific facts or new scientific principles. 


IDEA COMPOUNDS 


Invention, as commonly understood by the psychologist, 
is the mental process of forming a group of lesser ideas, 
or idea elements, into a single idea combination or pattern. 
But the essence of the process is this: the idea elements are 
not merely stuck together, retaining their individual identi- 
ties, as in a mosiac or in a mixture. Instead, during the 
inventing process a mental fusion or synthesis takes place 
and one resultant idea compound—one single, unifying con- 
cept—is formed out of the separate idea elements. 

Idea compounds, like chemical compounds, differ con- 
siderably from their constituent elements. The principle 
difference is that things can be done with the idea com- 
pound that cannot be achieved with the elements by them- 
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selves. Thus Morse combined the idea of distant transmision 
of dots and dashes over an electric circuit with the idea of 
using the dots and dashes in an alphabetic code, to effect 
distant transmission of intelligence. With neither one of 
these ideas, by itself, is this result possible. 

This process of synthesizing idea compounds from idea 
elements can be thought of as taking place in either of 


| two ways: 


e By forming NEW combinations from OLD (known) idea 
elements. 
e By forming OLD combinations from NEW idea elements. 
Thus when Morse invented the electric telegraph he ef- 
fected a new idea combination for the distant transmission 
of intelligence. When Marconi invented the wireless tele- 
graph he used a new idea element—the electromagnetic 
wave—to form the old combination made known by Morse. 
The result of the inventing process does not always have 
to be a concrete, material thing such as a machine, a prod- 
uct or a process. An invention may be an abstract, intangi- 
ble thing—often a useful mental tool, such as a mathematical 


technique or a scientific theory. 


For example, Newton synthesized the idea element of 
algebraic procedure with another idea element—the theory 
of limits—into a single idea compound; a single, unifying 
concept—the calculus. He thus produced a powerful mathe- 
matical tool for solving the problems of science and engi- 
neering. 

Similarly, Bohr combined the idea of the atom as a 
cluster of protons and electrons with the idea that the 
electrons rotate about the protons in distinct planetary or- 
bits representing energy levels. The result was a single 
idea compound—a single concept of atomic structure which 
was one of the scientists most powerful mental tools for 
“cracking” the mysteries of nature and opening the way to 
the atomic age. 

Hence an invention may be a concrete, material thing or 
an intangible mental abstraction, But in either case, we de- 
fine it as the product of the mental process of inventing; 
namely, the synthesizing of idea elements into an idea com- 
pound, which idea compound makes possible things that are 
not possible with the unintegrated idea elements. 

Psychologists have pointed out that this is the same 
process that occurs in all other fields of mental creation— 
in literature, music, science, etc. (See Ribot, T. A. Essay 
on the Creative Imagination. Open Court, Chicago, 1906.) 
For an excellent illustration of this point see the remarkable 
study, tracing the course of Coleridge’s mind through the 
process of creating “The Ancient Mariner,” made by J. L. 
Lowes in “The Road to Xanadu.” Riverside Press, Boston, 


1927. 


INVENTIVE FACULTY 


We also need, at the outset, a clear and common view of 
the equipment or faculty by which the mind carries on the 
inventive process. In line with current psychological think- 
ing, I disagree with the common belief that the inventive 
faculty, or the aptitude for creating inventions, is a rare 
gift or special mental power passed on to a fortunate few 
by heredity. On the contrary, I hold with the psychologists 
that the inventive faculty is one common to nearly all of 
us; but as with all other human faculties it varies by fine 
gradations from one individual to another, over the range 
from the inventive ability of champions to the inventive 
ability of lame ducks. And, of course, as with other human 
faculties, the degree of capability of any individual’s inven- 
tive faculty is the sum of the initial aptitude he inherited 
at birth plus the skill gained by exercise and training. 


End of Part I 
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Can Tiny Bearings 
Protect 
Themselves? 


Certainly they can. 
Carefully armored 
against dirt and dust, 
MPB shielded bearings 
ore ideal in applications 
where contamination is 
a problem. Also, they 
simplify handling and 
assembling by retaining 
lubricants. For more 
facts write to MPB, Inc., 
1309 Precision Park, 
Keene, N. H. 





MINIATURE PRECISION BEARINGS INC. 





Helps you perform miracles in miniaturization 
CIRCLE 46 ON INQUIRY CARD 




















if you are not 
on our circula- 
tion list— 


you can qualify for a year’s free subscription to 
Electromechanical Design by answering the ques- 
tions below. 


. My major engineering function in research, development or 
design is: (check one only) 
Electronic C) Electromechanical O Mechanical 
2. My major non-engineering function in research, development 
or design is: (check all that apply) 
C) Production 





Management () Purchasing 


( Other 


3. Principal product(s) manufactured by my company at the 
address below: 


CLIP OUT and attach to your company letterhead and mail to 
A. Alan Binder, Director of Circulation 
ELECTROMECHANICAL DESIGN 
1357 Washington St. 

West Newton 65, Mass. 
PLEASE PRINT 
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EAD’s NEW C3HJ-05 
400 Cycle Induction 
Motor 


This new 1/30 hp drive motor is the result of a new, exclu- 
sive, simplified process of manufacture developed by EAD... 
considerably lowering manufacturing costs while improving 
precision tolerances and efficiency. The unique construction 
results in a smaller, more powerful motor featuring high reli- 
ability under extreme environmental conditions; making it fully 
comparable to sub-fractional horsepower motors costing a 
great deal more. In recent life tests, this new EAD motor oper- 
ated in excess of 1000 hours 
at 125° C. ambient while 





5 eas TYPICAL 
delivering full output! The 
C3HJ-05 is adaptable to dif. PO RACTSTICS 
ficult fan requirements call- Length 14%," 
Diameter 1%” 


ing for operation over a wide 
altitude range. It is another 
typical example of outstand- 
ing engineering skill at EAD Le , 
—where rotation has been a ae Seey pees 
: : 4 3 tions. Variations possible 
science, its application an for specific applications. 
art, since 1942. 


Voltage 115V., 400 Cycles, 
Single Phase 


1/30 HP 
20,000 RPM 


Power Output 
Speed 











Complete technical information on the C3HJ-05 Induc- 
tion Motor is available on request. Write us today. 


Rotation is a Science at EAD 
EASTERN AIR DEVICES, inc. 


A Subsidiary of Norbute Corporation 
353 Central Ave., Dover, New Hampshire 
CIRCLE 38 ON INQUIRY CARD 
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WORTH FILING 


Design Handbook | 


170 page catalog of synchros, servo motors, servo ann 
fiers, resolvers, rate gyros and potentiometers contains 
specifications and outline drawings of 200 units. Included 
are details on synchros manufactured to the newest MIL 
specifications (MIL-S-20708A). 

Source: United Aircraft Corporation, 


Commack, L. I., N. Y. 
For your copy: Circle No. 256 on Inquiry Card. 





| 
WORTH FILING | 
RF Interference Filters | 


350 page catalog covers design and engineering data as 

well as product information on interference suppression 

devices for electronic equipment. 

Source: Filtron, Inc., 
Culver City, California 

For your copy: Circle No. 257 on Inquiry Card. 


WORTH FILING 
Brush Maintenance Manual 


16-page booklet contains practical tips on brush operation 
and maintenance on high-current, low-voltage generators 
used in electrolytic processes. Included are: a discussion of 
metal-graphite brushes used in plating generators, ex- 
planations of contact drop, friction, resistivity, and commu- 
tator surfacing, and sections on the facing-in of new brush- 
es, dust removal, selective action, and factors affecting 
brush life. 


Source: National Carbon Company, 
New York, N. Y, 
For your copy: Circle No. 259 on Inquiry Card. 


WORTH FILING 
Machining Unmachinable Materials 


The latest issue of C. I. C. Newsletter has a feature article 
on ultrasonics machining covering the basic principles, 
operations that can be carried out and materials that can 
be machined. Another article discusses the use of glass in 
back-lighted aviation instruments, giving helpful sugges- 
tions to designers working on integral instrument lighting. 
Another article covers machining of infrared transmitting 
materials. 

Source: Connecticut Instrument Corp., 


Wilton, Conn. 
For your copy: Circle No. 258 on Inquiry Card. 


WORTH FILING 
Boolean Algebra 


36-page booklet presents in a clear and understandable 
form the fundamentals of Symbolic Logic as applied to the 
logical design of digital systems. 

Source: Computer Control Co., Inc., 


Framingham, Mass. 
For your copy: Circle No. 253 on Inquiry Card. 


WORTH FILING 
High Vacuum Valves 


28 page catalog describes complete line of valves, baffles 
and traps for high vacuum applications. Includes valve se- 
lection guide and 60 valves from which to chose in sizes 
from 1/4 to 36 inches in diameter. 

Source: Consolidated Electrodynamics Corporation 


Rochester, New York 
For your copy: Circle No. 252 on Inquiry Card. 
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FRACTIONAL HORSEPOWER INDUCTION MOTORS 


For Military Applications 





Much has been written and many 
standards are available on _ classifica- 
tion and specification of commercial 
motors. Probably the most important 
documents in this field are the NEMA 
Standards which govern frame size, 
performance, and some design fea- 
tures of motors for commercial appli- 
cations. This Components Digest em- 
phasizes motors for military applica- 
tion in which high speed operation at 
extreme temperature, maximum output, 
and life of the order of one thousand 
to several thousand hours are impor- 
tant requirements. The presentation 
covers capacitor type units, self-cooled 
units, and gearhead-type units. 

Because of their special importance 
and our policy of providing detailed 
coverage of a topic, this Components 
Digest is confined to squirrel cage in- 
duction motors. While these units lack 
the flexibility of d-c machines, their 
characteristic ruggedness, particularly, 
as a result of the absence of sliding 
brush contacts on the rotor, has lead 
to almost universal acceptance in criti- 
cal applications. 

Induction motors are available for 
both single-phase and polyphase serv- 
ice. Single-phase units most often in- 
clude permanently connected capaci- 
tors to provide high starting torque and 
good running efficiency. The selection 
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Xc = capacitive reactance 
Q = "quality factor" for 
winding at rated bal- 
anced operating point 
Fig. 1—Single-phase capacitor motor. 
At a given motor operating point, the 
voltage across the capacitor phase may 
be adjusted for perfect two-phase op- 
eration, 


of a starting means requires a compro- 
mise between electrical performance 
on one hand and simplicity and low 
cost on the other. 

The permanent-split capacitor unit 
is wound the same as a 2-phase motor 
with a capacitor placed between one 
phase winding and the power supply 
and with the other phase connected 
directly across the power line. Fig. 1 
lists important relationships for bal- 
anced operation. Motors of this type 
have modest starting torque, falling to 
approximately 30% of full load torque 
in larger units. The capacitor windings 
usually differ from the main phase to 
obtain optimum performance and ca- 
pacitor size. Three lead motors of this 


o 4 4 


Ra coe 
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Fig. 2—Circuit for rapid reversal of a 
single phase permanent-split capacitor 
motor with a SPDT switch. The phases 
should be identical. In general this cir- 
cuit is less efficient than that of Fig. 1 
where better balancing is possible. 


type generally are unidirectional. Four 
lead motors may be reversed by switch- 
ing two leads of either phase. 

To obtain instantaneous reversal us- 
ing a SPDT switch, both phases are 
wound identically and three leads are 
attached. Reversible rotation is readily 
obtained as shown in Fig. 2. 

The power factor of a permanent- 
split capacitor motor is generally 95% 
to unity at full load. Occasionally power 
factor may be sacrificed for other re- 
quirements such as high starting torque, 
in which case it may drop below 95%. 

To improve the starting characteris- 
tic of the permanent-split capacitor 
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type motor, it is possible to use an 
external relay to put a second capacitor 
in parallel with the running capacitor 
during starting. This second capacitor 
is dropped out of the circuit as the 
motor reaches a pretermined speed 
or current value. By this means starting 
torques in the magnitude of 500% are 
obtainable. The major limitation of this 
system is the externally mounted relay 
and two capacitors. The volume of 
these three parts may approach that 
of the motor, and costs have run as 
high as 75% of the motor. 

Capacitor start-induction run motors 
are available in the middle and larger 
frame sizes. This type uses a capacitor 
only to start and then runs as a straight 
single phase motor. It has been found 
preferable to use current or voltage 
sensitive relays instead of centrifugal 
switches. Induction motors of this type 
have high starting torque and are used 
primarily in 60 cycle units. Some radio 
interference is encountered and _ this 
must be considered in applying the 
motor. 

Three-phase motors give the greatest 
horsepower per weight and are the 
most stable type discussed here. Ex- 
cellent starting torque characteristics 
are obtained with normal starting 
torques ranging from 250 to 300%. 
Higher starting torques are readily ob- 
tained at some sacrifice of size and 
weight. Efficiency is higher than for 
single-phase motors but the power fac- 
tor is considerably less than for perma- 
nent-split capacitor types. 

Three-phase stators are generally 
connected wye (Y) with either 3 or 4 
leads. Voltages are shown in Fig. 3 
for a 200 volt motor. Occasionally 115- 
volts line-to-line wye-connected motors 
are required. In this case only 3 leads 
are furnished since the neutral of the 
power supply is seldom available. 

Table 1 shows performance charac- 
teristics of the commoner miniature 
drive motors, including some d-c types 
for comparison purposes. On the a-c 
units, no-load speed is always some- 
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Fig. 3—Three phase motor schematic. 
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TABLE | 
TYPICAL SPEED TORQUE CURVES FOR F.H.P. MOTORS 
Swit 
s oc OPERATING 
p ~ od SPEED 
E ONLY 
E 
° 60 B0T 
cPsS WwOGS 
ac AT START 
UNIVERSAL SPLIT PHASE SHADED POLE SERVO 
TORQUE 
SWITCH 
OPERATING 
s RUN 
3 wos. 
ONLY 
E 
e BOTH 
wOGS. 
o AT START 
PERMANENT -~ SPLIT CAPACITOR— START THREE PHASE 0.C. SERIES 
CAPACITOR INDUCTION RUN 
TORQUE 
Rated torque Slip at rated load 
+f f paces TABLE Il 
spe 
1% Approximate Induction Motor Speeds* 
‘ Pull out torque 
Rated singel J (rpm) 
slip point 4 
No load Unstable _ . sialon ninniecinlisidietanaiin 
point rae No. of Poles 400 Cycles 60 Cycles 
| tint ta We PO ceo 7? vi ars 
2 20,000-21,700 3000-3250 
4 10,300-10,800 1550-1625 
Fig. 4—Speed-torque characteristic of 6 7000-7200 1050-1075 
a low slip induction motor. The dashed 8 5300-5400 800-825 
region of the curve is considered un- 
stable because a stable operating point *Speeds are less than synchronous speed 
cannot be achieved in this region with for poles and frequency. Depend upon 
many types of driven load. horsepower rating, number of phases, 
starting torque, and other application 
what lower than synchronous speed details. 


given by the equation: 

Synchronous rpm = 

120 x frequency (cps) 
poles 

Speed is usually defined in terms of 
slip which is the per-unit reduction in 
speed below synchronous speed. In- 
duction motors operate at low slips 
except for occasional instances where 
high slip characteristics may be re- 
quired. High slip units are inefficient 
but they are necessary in some appli- 
cations as will be described later. 

Table 2 lists the average range of 
operating speeds of small low-slip in- 
duction motors. 





INDUCTION MOTOR 
CHARACTERISTICS 


Fig. 4 shows the speed-torque charac- 
teristic of a typical low-slip induction 


motor. Peak or pull-out torque occurs 
somewhat below synchronous speed, 




















the rated operative point lying be- 
tween the peak torque and no-load 
points. The starting torque varies with 
the type of starting means provided, 
as shown in Table 1. In general poly- 
phase units provide better starting than 
single-phase units. High starting torque 
requires a design compromise with 
running efficiency at rated load. This 
is particularly true with permanent- 
split capacitor type units, where selec- 
tion of the capacitor must be made as 
an optimum compromise between start- 
ing and running requirements. 


POWER SUPPLY REQUIREMENTS 


Most aircraft and military applications 
have a power source in accordance 
with type-l power of MIL-E-7894A 
(ASG). This calls for 400 cps +5%. 
A motor designed for this type of pow- 
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er supply will operate from 380 to 420 
cycles (400 +5% cycles), but not nec- 
essarily the same as at 400 cycles. 

Other common frequencies are: 

60 cycles—commercial, ground 

based equipment and Navy MIL- 

M-17059 (ships) 

416 cycles— Navy standard, al- 

though a lot of 400 cycle used. 

1600 cycle—Some navigational and 

radar equipment 
Variable frequency is required in some 
applications. Where used, variable 
frequency motors are generally of the 
permanent-split capacitor type. 

Voltage ratings in general do not 
affect performance except when they 
become extreme. High voltages in par- 
ticular may lead to wire sizes that are 
too fine to handle in manufacturing 
and are unreliable in use. Special in- 
sulation may be required adding to 
cost as well as building up the wind- 
ing volume, a factor of importance in 
very small motors, and capacitor volt- 
age ratings must be correspondingly 
high. Only occasionally is there a limi- 
tation on the low voltage unit, where 
wire may become too heavy for easy 
handling. For similar rating, doubling 
rated voltage means using a wire 3 
sizes finer. 

The common single-phase voltage is 
115 volts for both 400 and 60 cycle 
units. Three phase motors are generally 
200 volts line-to-line and/or 115 volts 
line to neutral. 

A system designation of 115/200 
volts required a 4-lead, 3-phase motor 
rated 200 volts line-to-line as shown 
in Fig. 4. In some applications the 
neutral lead is not required and, there- 
fore, only three leads are furnished. 


























WYE CONNECTION 


Fig. 5—Alternate connections for a 
3-phase motor for operation at two dif- 
ferent voltages. 
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r, )X, JX, 
oO LIT. 
r,/S 
SE 1Xm _ ‘ 
Vv r Ss . 
m4 
Fig. 6—Equivalent circuit of one 


phase of a polyphase induction motor 
under balanced operating conditions. In 
the diagram, Y; is the stator resistance; 
X: is the stator leakage reactance; X,, 
is the airgap reactance; rm is the core 
loss resistor; rz is the rotor resistance 
referred to stator; X, is the rotor leak- 
age reactance referred to stator; V is 
the applied phase voltage, and S is the 
slip which is the difference between the 
speed of the rotating magnetic field 
and the rotor speed divided by the 
speed of the rotating magnetic field. 


In either case, the stator winding is 
not grounded inside the motor frame. 

Occasionally it is advantageous to 
have a motor that will perform essen- 
tially the same at two different volt- 
ages. Such motors are called dual volt- 
age units and generally have stators 
wound so that they may be connected 
delta (A) or wye (Y). The lower volt- 
age is applied to the delta connection 
and the higher voltage to the wye con- 
nection. Figure 5 shows such a con- 
nection. Note that six (6) motor leads 
are required. The ratio of the low and 
the high voltage is the square root of 
3 (ie.: 115/200). 

Where voltage and frequency vary, 
performance can be considerably af- 
fected. This factor is often ignored in 
critical applications. Motors may over- 
heat at one extreme of voltage and 
frequency, and fail to deliver adequate 
output at the other. Table 3 provides 
a concise summary of the affects of 
power supply variation on perform- 
ance. 


BASIC PRINCIPLES OF INDUCTION 
MOTORS 

To fully understand the points to be 
developed in this Components Digest, 
it is important to review concisely the 
basic operating principles of induction 
motors. At first we consider the bal- 
anced polyphase induction machine for 
which a simple, well-developed theory 
exists. This is then extended to include 
various types of single-phase machines. 
With this background, it will be possi- 
ble to understand the important rela- 
tionships governing performance limits 
of induction machines. 

Figs. 6 and 7 show the equivalent 
circuit of one phase of a polyphase 
induction motor operating under bal- 
anced conditions. Equivalent circuits 
such as these are very convenient in 
representing the performance of rotat- 
ing machinery. The equivalent circuit 
elements correspond to specific motor 

















Tr, )x, }X%, Yr, 
Qe ™ Ivvr. 
Vy nS E }ix,, r, (1-8)/S 
r,/S = tr; + r, (1-S)/S 
Total rotor power Copper loss Pry dev. resistor 


( Pyf) resistor resistor 


Fig. 7—Modified Equivalent Circuit. 
The above circuit differs from Fig. 6 
in that the total power to the rotor is 
represented as the sum of two powers: 
that due to rotor copper loss (resistor 
r:), and that due to developed mechan- 
ical power (resistor rz [(1-S)/S]). The 
sum of these two resistors equa’s the 
r2/S of Fig. 6. When rz [(1-S)/S] is equal 
(as S varies) to the reflected source 
impedance seen from its terminals (V 
short circuited), Pn,dev. is maximum. 
By equation (3) of Table IV, it may be 
seen that maximum torque is de- 
veloped when r2/S equals the reflected 
source impedance. Since the reflected 
impedance is not a function of rm, max- 
imum torque is neither As a matter 
of fact, the s'ip shown on the speed- 
torque curve is merely increased pro- 
portionately with ro. 


design parameters. The equivalent cir- 
cuit possesses the advantage that once 
its parameters are determined, either 
from design calculations or by meas- 
urement on an actual motor, it is a 
simple matter to calculate all perform- 
ance characteristics with no further 
reference to the actual machine. This 
procedure reduces motor performance 
calculations to a straightforward cir- 
cuit analysis problem. Furthermore, 
changes in the parameters of the 
equivalent circuit may be related with 
ease to corresponding changes in the 
actual machine. The equivalent circuit 
is a design tool as well as a tool for 
analysis. 

Table 4 concisely relates equivalent 
circuit parameters and machine per- 
formance. Items that are readily calcu- 
lated include shaft torque, current and 
power, power factor, output power, 
and the individual losses as a function 
of slip. Notice the direct proportionality 
between outpue torque and power 
transferred to the rotor (power of the 
rotating field) and the inverse rela- 
tionship between torque and synchron- 
ous speed. Low speed machines tend 
to have higher torques, although opera- 
tive efficiency is generally less than for 
high speed machines. 


CONCLUSIONS FROM THE 
EQUIVALENT CIRCUIT 

Certain performance characteristics are 
determined by inspection of the equiva- 
lent circuit. The leakage and magne- 
tizing reactances of 60-cycle motors are 
decidedly lower than for 400-cycle 
motors. This means more exciting cur- 
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TABLE III 
EFFECTS OF VOLTAGE AND FREQUENCY VARIATION ON INDUCTION MOTOR CHARACTERISTICS 
Variation 120% voltage 110% voltage » Function 90% voltage 105% fre- Function of 95% frequency 
of voltage quency frequency 

Starting & | Increase Increase ( Voltage) Decrease Decrease 1 Increase 

max run- 44% 21% 2 19% 10% (Frequencya| 11% 

ning torque 
Synchronous | No change No change Constant No change Increase Frequency | Decrease 
Speed 5% 5% 
% Slip Decrease Decrease 1 Increase Practically is eRKeNe . | Practically 

30% 17% (Voltage) 2 23% no change no change 
Full load Increase Increase (Syn-speed Decrease Increase (Eyn-speed | Decrease 
speed 1, 5% 1% slip) 1-1/2% 5% slip) 5% 
Full load Small Increase yeseveeten Decrease nn errr re Trey Slight 
efficiency increase 1/2 to 1 2 points increase decrease 
point 

3/4 load Decrease ES eres ere Practically | slight = [| ...scccces Slight 

efficiency 1/2 to 2 no change no change increase decrease 
points 

1/2 load Decrease ere i Increase Slight ieee Slight 

efficiency 7 to 20 1 to 2 1 to 2 increase decrease 
points points points 

Full load Decrease OMe: CE cewsunecion Increase Ct (Rigi eceseces Slight 
power 5 to 15 3 points 1 point increase de crease 
factor points 
3/4 load Decrease Decrease Silly bar, he Increase ae eee Slight 
power 10 to 30 4 points 2 to 3 increase decrease 
factor points points 

1/2 load Decrease nee —h  séceeeuwan Increase ee | dies elt ace te Slight 
power 15 to 40 5 to 6 4to5 increase decrease 
factor points points points 

Full load Decrease DOCTORSe ——-|F ewiccvcesine Increase Decrease verry. Increase 
current 11% 7% 11% slightly slightly 
Starting Increase Increase Voltage Decrease Decrease 1 Increase 
current 25% 10 to 12% 10 to 12% 5 to 6% frequency 5 to 6% 
Temp rise Decrease oo a eee Increase Decrease Increase 
at full load 5 to 6C 3 to 4C 6 to 7C slightly slightly 
Max over- Increase Increase voltage) 2 Decrease Decrease Increase 
load cap 44% 21% 19% slightly slightly 
Magnetic Noticeable Increase Decrease Decrease Increase 
noise at increase slightly slightly slightly slightly 
no-load in 
particular 
Note: This table shows general effects which will vary somewhat for specific ratings. 

Courtesy Hertner Small Motors 
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PRECISIONEERED 
MOTORS 


700 FRAME SERVO MOTOR 


INPUT: 6-57 volts; 2 phase at 400 cps 
FREQUENCY RANGE: 400-1000 cps 
NUMBER OF POLES: 2, 4 and 6 poles 
TYPICAL PERFORMANCE: 26/26 at 400 cps; No Load 
Speed: 6,200 rpm; Stall Torque: 0.30 oz. in.; Power: 
3 watts/¢; Inertia: 0.65 gm cn2; Acceleration: 33,000 
rad/sec2; Impedance: 133 + j117 ohms 

WEIGHT: 1.6 ounces 

DIMENSIONS: 0.750 Dia. x 1.062 Length 

Bulletin 7F3 











































900 FRAME AC MOTOR 


FREQUENCY: 320-1000 cps 
AIR DELIVERY: (11/.” Blower)*; 10 cfm @ O”sp; 
8 cfm @ 0.2”sp 
RPM: 7000 @ 400 cps 
WEIGHT 02Z.: 7 
WEIGHT OF MOTOR 02Z.: 41, 
*Also available in 1” blower size 
Bulletin 9F4 





1600 FRAME MOTOR 


HORSEPOWER: 1/300-1/10 

FREQUENCY: 25-1000 cyclgs*~var. 50-1000 cycles 
VOLTAGE: 26-208 

POLES: 2, 4, and 6 poles 


TYPES: Induction or Synchronous 

BEARINGS: Ball or Sleeve 

Available non-cooled or self-cooled 

— Blower, Fan, Gear, Recording and 
ontro 





2000 FRAME DC MOTOR 


INPUT: 6-115 volts DC . 
OUTPUT POWER: 1/75 to 1/10 hp depending on 
sree, duty cycle and cooling 
LIFE: 1000 hr brush life; 250 hrs at high altitude. 
Available with gear speed reducer and/or speed 
governor, shunt, series, or compound wound. 
Bulletin 20F2 





2900 FRAME HYSTERESIS MOTOR 


VOLTS: 115 _‘T.P.1. (0z.in.): 4.5 
CPS: 60 = T.P.0. (0z.in.): 5.0 
WATTS INPUT: 24 —‘T.St. (02.in.): 4.0 
AMPERES: .22 CAPACITOR (mfd): | 25 
NUMBER OF POLES: 4 220 VOLTS A.C.: i 
RPM: 1800 WEIGHT: 1 Ib. 
H.P.: 1/125 


Hysteresis Catalog 





3800 FRAME AC MOTOR 


INPUT: 26-230 volts AC; 1, 2 and 3 phase 

INPUT FREQUENCY: 25-400 cycles 

NUMBER OF POLES: 2, 4, 6, 8 and 12 poles 

OUTPUT POWER: Induction motors—to 1 hp; Torque 
motors—10 to 200 oz. in. stall torque; Hysteresis 
synchronous motors—1/200 to 3/4 hp (can be wound 
for single, dual or three speed.) 

BEARINGS: Ball or Sleeve 

WEIGHT: 8-11 Ibs. 

MOUNTING: Round or square flange and/or base 
Bulletin 38F6 


IMC’s versatile engineering staff is available to meet your specific design requirements. 


i ric Magnetics Corp.=.,,; 
Taloh iotilola miei tele me Orel dom 


. 6058 WALKER AVE 900 
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IMC Masnetics Corp. 


New Name of 
INDUCTION MOTORS CORP. 


Westbury, New York, August 17, 1959 
—The management of Induction Motors 
Corp. has recently announced a change 
in the corporate name of IMC 
MAGNETICS CORP. In making the 
announcement, a company executive 
pointed out that with the acquisition of 
P.S.P. Engineering Company and Gray 
& Kuhn, Inc., the corporation’s field of 
operation has been considerably broad- 
ened. He further stated that the new 
name of the company more closely de- 
fines the corporation’s present activities. 


The company spokesman indicated that 
P.S.P. Engineering Company operated in 
the field of clochecanetaniell devices. 
According to company officials, this is 
particularly compatible with IMC’s manu- 
facturing and marketing activities. The 
same was said of Gray & Kuhn, Inc., 

manufacturers of time delay lines, ‘pulse- 
forming networks and allied components. 


It was disclosed that with these new 
additions, IMC MAGNETICS CORP. 
now a more diversified enterprise, no 
longer confined to the manufacture of 
motors. 





New Size 5 


Servo Motor 


Introduced by 
IMC MAGNETICS CORP. 


Westbury, New York, August 17, 1959 
—A size 5 servo motor with an excep- 
tionally short overall length of one inch 
has been announced by IMC Magnetics 
Corp. Designed for servo systems where 
a miniature motor is re quired, the IMC 
unit meets the most rigid performance 
specifications. 


Total Input Power — 3.5 watts 

Theoretical Acceleration — 
45,000 rad/sec 

Stall Torque — .09 oz/in 

Frequency — 400 cycles 

No Load Speed — 9500 rpm 


Temperature Range — 


—55°C to + 150°C 


The unit’s small size of one inch length 
and 0.5 diameter is matched by a min- 
imum weight of 0.68 ounces. For maxi- 
mum protection against severe shock, 
vibration and humidity, the IMC size 
5 has been completely encapsulated 
in epoxy. 


For more information on the IMC 
MAGNETICS CORP. new servo motor: 
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rent for the 60-cycle motor indicating 
the need for smaller air gaps and 
fewer poles. The relationship between 
poles and exciting current may be de- 
veloped by simple reasoning. If the 
stator winding is arranged to provide 
relatively few poles having a heavy 
concentration of turns per pole, then 
the number of flux linkages per pole 
is high since more of the turns link 
more of the flux. Where the winding 
is spread over many poles the flux per 
pole is naturally much reduced and 
the total linkages which determine 
overall reactance are correspondingly 
reduced, proving the point. 

On the other hand, the torque per 
rotor watt is higher in low frequency 
motors in accordance with the basic 
torque formula of Table 4. Conse- 
quently for maximum torques a com- 
promise is necessary in setting the 
number of poles. For a given frame 
size and frequency, fewer than the 
optimum number of poles means low 
torque per rotor watt while too many 
poles means high exciting current and 
reduced efficiency. 

Where output power in a given 
frame size must be maximized, a high 
speed, high efficiency motor is indi- 
cated. A two-pole high frequency mo- 
tor is apt to be more efficient than low 
frequency motors with more poles. 
However, there is an upper frequency 
limit at which losses in the motor iron 
become excessive causing loss in effi- 
ciency. (It is interesting to note that 
as the quality of motor lamination 
iron improves, the frequency for best 
efficiency increases. Motors today fre- 
quently operate at one and two thou- 
sand cycles.) Core losses in low fre- 
quency motors are often negligible 
since the magnetizing reactance shunt- 
ing the core loss resistor in the equiva- 
lent circuit of Fig. 6 draws most of the 
current. The equivalent circuit of a 
small, low frequency motor may be 
approximated by omitting the leakage 
reactances and the core loss resistor. 

Higher efficiencies generally ob- 
tained from high speed machines are 
often paid for in increased complexity 
of gear reduction units, poor stopping 
and reversing characteristics, more 
noise, and reduced bearing and gear- 
ing life. These factors must be con- 
sidered in choosing the number of 
poles. Two-pole units are seldom used 
at 400 cps; they are frequently used 
at 60 cps. 

The effect of varying rotor resistance 
is apparent from the equivalent cir- 
cuit. Torque depends on the ratio of 





56 


























TABLE IV 
TWO-PHASE INDUCTION MOTOR AND EQUIVALENT CIRCUIT PRINCIPAL 
PERFORMANCE CHARACTERISTICS 
Where Input | 
Power Goes: Equivalent Circuit Induction Motor 
Power in r; Stator copper loss 
Power in rm Core loss 
Power in (ro/S) (Pre) Total Rotor Power 
Developed 
Mechanical Power to rotor consists of sum of developed mechanical power + 
Power: rotor copper loss. This sum equals: 
Pre = [2° (r./S) = Ie"re a ls*re [(1—S$)/S] Algebraic 
tT t Identity 
Total rotor power Rotor Developed 
Copper Mechanical Power (Pm,dev.) 
Loss 
(1) os Pmyaeve = 12” [(re/S) — 2] == 1,*r2 [(1—S)/S] = Par [1—S] 
Developed By fundamental Mechanics: 
Torque 
(2) Pmydeve = (T/12 x 16) x N x (1/33,000) x 746 x 211 = TN 
Since N = Ns (1—S), and Pmaev. = Pre (1—S), by substituting 
in (2), T may be determined. 
(3) T = (1352/Ns) Pre 
Maximum Since Pm,aev. is equal to dissipation in r2 [(1—S)/S], Pm,aev. reaches 
Developed a maximum when rz [(1—S)/S] equals the reflected source impedance. 
Mechanical 
Power 
Maximum Since T is proportional to dissipation in r2/S, T reaches a maximum 
Developed when r2/S equals the reflected source impedance. 
Torque 
Tmax(independent of 
ihe rotor resistance) |_.....j| rotor resistance the slip may be de- 
termined for maximum torque or vice- 
al Je, versa. For maximum power output, the 
2 . 2 power output resistor of Fig. 7 must 
3 match its source impedance, and the 
é ll slip at which maximum power output 
eS ened occurs is readily determined. 
These examples emphasize the im- 
Increasing rotor resistance portance of the equivalent . circuit 
technique of replacing a complex ma- 
° re Ns chine with a simple passive circuit, 





Fig. 8—Speed-torque curve of induc- 
tion motor with varied rotor resistance. 
Curve C shows a characteristic suitable 
for servo-motor performance. Slip for 
corresponding torques is proportional 
to r Curve B is typical of a high slip 
rotor where reasonable efficiency is still 
required. 


rotor resistance to slip. Doubling rotor 
resistance has the same effect as dou- 
bling the slip. This can be seen by 
examining Fig. 8 showing speed-torque 
characteristics for several rotor re- 
sistances. A low-resistance rotor is a 
low-slip rotor since rated torque is de- 
veloped at close to synchronous speed. 

The problem of determining maxi- 
mum motor output is a simple circuit 
problem. For maximum torque r/s 
must match the circuit source im- 
pedance, with the input voltage re- 
placed by an equivalent short circuit 
using Thevenin’s Theorem. For a given 


substituting circuit power calculations 
for torque calculations in the machine, 
and applying impedance matching 
principles to the determination of 
maximum performance points in the 
machine. 


MEASURING THE EQUIVALENT 
CIRCUIT 


The equivalent circuit of an induction 
machine may be measured directly to 
establish its parameters. Standard texts 
on electrical machines list the steps 
involved in measuring and calculating 
the parameters. A comparison of calcu- 
lated performance (from circuit para- 
meters) and measured performance 
shows a complete picture of motor 
behavior. The measured equivalent 
circuit parameters provide a valuable 
tool for the analysis of a motor under 
non-standard operating conditions. If 
ambient temperature or frequency (or 
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‘some other parameter) were to vary, 
jt would be possible to predict the 
effects of these variations on perform- 
ance directly from the equivalent cir- 
cuit. In any exceptionally complex 
motor application, a knowledge of the 
equivalent circuit is helpful. 


SINGLE PHASE MACHINES 


Single-phase motor performance may 
be explained by reference to the per- 
manent-split capacitor type machine. 
When operated under fixed conditions 
of loading, frequency and speed they 
perform almost as efficiently as poly- 
phase machines. Performance deterior- 
ates, however, at other than the stand- 
ard operating point. For optimum 
performance the capacitor shifts the 
phase 90 degrees and simultaneously 
provides rated voltage for balanced 
operation. For this condition the phase 
powers are equal and a condition is 
achieved similar to that of two-phase 
motor operation. 

However, as speed changes the mo- 
tor impedance is no longer fixed, up- 
setting the balance of power. At low 
speeds the main phase pulls excessive 
power while capacitor phase power is 
limited by the relatively high capacitor 
impedance. At high speeds, particu- 
larly at no load, the capacitor phase 
resonates building up a high voltage 
and puliing high watts while main 
phase power drops sharply. Because of 
voltages induced by rotation, consider- 
able interaction occurs between the 
separate phases. The net effect of these 
unbalances is to reduce shaft output 
and efficiency at speeds other than the 
rated speed at which the capacitor was 
adjusted. Often the choice of capacitor 
represents a compromise for reason- 
able operation over a speed range 
rather than for optimum operation at 
any one point. 

Analysis of the capacitor motor for 
balanced conditions is based upon con- 
ventional circuit theory. The complex 
winding impedances are known and 
the capacitor value required for a 90° 
phase shift is readily calculated. The 
ratio of capacitor winding to main 
field winding impedances equals Q2, 
where Q is the conventional “quality 
factor” for the windings. This im- 
pedance ratio is established by adjust- 
ing turns. Voltage across the capacitor 
phase equals Q times line voltage. 
Other relations are shown on Figure 1. 

As load and speed vary, the phases 
unbalance, winding impedances change, 
and there is a loss of torque, a reduc- 
tion of the no-load speed, and increased 
losses due to unbalance. 


UNBALANCED OPERATION 


Symmetrical component theory holds 
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that unbalanced voltages applied to 
an electrical machine may be replaced 
by sets of balanced polyphase voltages 
of opposite phase sequence. Therefore 
the behavior of an induction machine 
under balanced conditions may be ex- 
plained in terms of its response to the 
simultaneous application of balanced 
but oppositely phased voltage sets de- 
veloping their individual torques at any 
specified slip. 

The capacitor motor described above 
operates in general under unbalanced 
conditions keeping neither a 90° phase 
shift nor balanced phase power. The 
machine behaves as if there were 
simultaneous positively and negatively 
rotating fields. Presumably the posi- 
tively rotating field predominates and 
the unit rotates in the required direc- 
tion although it is conceivable that a 
direction reversal can take place by an 
appropriate selection of capacitor. The 
negatively rotating field subtracts 
torque from the output and induces 
extraneous voltages and losses in the 
rotor. These losses arc high because of 
the high slip between the rotor and 
the negatively rotating field. Unfor- 
tunately, not too much can be done 
about these losses. They are particu- 
larly severe in low resistance rotors 
which are designed for high operat- 
ing efficiency at low-slip. As in many 
engineering problems, compromise is 
necessary. 


DYNAMIC LOAD CHARACTERISTICS 


There are some applications where load 
acceleration, inertia, friction and speed 
are simultaneously specified. In these 
applications, the engineer must choose 
a suitable motor and gear reduction 
ratio. The wattage or horsepower rating 
of the motor is not a sufficient basis 
for selection; its inertia is a significant 
factor. 

The selection of motor and gear re- 
duction is based upon the funda- 
mentals of mechanics and has been 
well covered in many techcnical pa- 
pers. A recently developed technique 
of exceptional simplicity based upon 
a Dynamic Load Characteristic (DLC) 






“Increasing 


Motor Speed 


Power Available 
To Drive Load 





———« Load Acceleration 
To Speed Ratio 


Fig. 9—Typical form of DLC. The 
marked points correspond to motor 
speeds. The ratio to the required load 
speed establishes the gear reduction. 





is described here as a supplement to 
existing methods. The general shape 
of the DLC is shown in Fig. 9. The 
abscissa is the ratio of load accelera- 
tion to load velocity in any arbitrary 
set of units. The ordinate to the curve 
represents power available for driving 
the load. The shape of the curve (de- 
creasing with increasing abscissa) 
shows the loss in available output with 
increasing acceleration, corresponding 
to the increasing component of shaft 
power required to accelerate the motor 
itself. The operative point also indi- 
cates motor speed; the ratio to load 
speed is the reduction ratio required 
for optimum performance. By means 
of the DLC, an engineer may at a 
glance check the suitability of a given 
motor, and establish the required gear 
reduction. 

The DLC may be determined 
graphically as described in the January- 
February issue of Electromechanical 
Design, pp 56-60, “Dynamic Load 
Characteristics of Electric Motors.” 
Once established for a given motor, the 
DLC may be applied with no further 
effort to new problems. An assortment 
of DLC’s for possible application to a 
given problem may be conveniently 
scanned to make an optimum selection. 

Also, in the article “Generalized Dy- 
namic Load Characteristic” starting on 
page 44 of this issue, Mr. C. H. Pear- 
sall, Jr., of Fairchild Astronics Divi- 
sion presents an improved analytic 
method resulting in universal curves 
for immediate application to motors. 

Fig. 10 shows the DLC for a specific 
unit whose performance and_ rotor 
inertia are known. 


PRACTICAL APPLICATION FACTORS 


The theory presented earlier in this 
Digest provides the necessary back- 
ground for the analysis of motor appli- 
cation problems. In this section we will 
consider more practical factors affect- 





TABLE V 
Some Standard NEMA Insulation Classes 





NEMA Max. Cont. Type Insulation 





Class Total Winding 
Temperature 

A 105C Organic insulation and 
impregnation 

B 130C Inorganic insulation and 
organic impregnation 

H 180C Inorganic insulation and 
silicone impregnation 

NOTE: The above classes of insulation 


are intended to provide tens of thousands 
of hours of life within their ratings. For 
military applications requiring 1000-2000 
hours of life, insulation may be used per- 
haps 30C beyond the recommended 
limits. This extended limit must be utilized 
with care, however. 
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R.P.M. MOTOR PERFORMANCE DATA 
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(a) Motor performance characteristics (b) Dynamic load characteristic for 
used in derivation of DLC. motor of Fig. 10(a). 


Fig. 10—Fig. 10 (a) shows the speed- is given in Fig. 10(b). Mixed units are evitable loss of available motor power 
torque characteristic of a typical high used which are, however, consistent with increasing acceleration. 
slip motor. The DLC of the same motor’ with current practice. Notice the in- 





TABLE VI 
TEMPERATURE RANGE SELECTION CHART FOR OIL, GREASE AND DRY FILM LUBRICANTS 
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Fig. 11 (Top)—Thermal life of sili- 

cone insulating varnishes based on 50 

percent retention of dielectric strength. 

(Bottom) Life at various temperatures 

for Class A, Class B and Class H insula- 


tion. (Dow-Corning Silicone Notes, 
No. 10-238, December, 1954). 





ing the selection and use of a motor. 

Since the biggest limitation to motor 
miniaturization is temperature rise, 
some of the effects of extreme tem- 
perature are worth considering. Insula- 
tion life decreases sharply with in- 
creased temperature, roughly halving 
for every 10 or 15 degrees centigrade 
increase (Fig. 11). This logarithmic 
relationship points up just how im- 
portant it is to cut temperature rise, 
even by relatively few degrees. Table 
5 shows the most common insulation 
classifications as listed by NEMA. High 
temperature insulation adds a lot to 
cost, particularly in large size units, 
so it is important to specify it with 
judgment. 

Probably more of a limitation to 
motor life than insulation is bearing 
lubrication. Table 6 lists some of the 
common military specification lubri- 
cants and their important characteris- 
tics. A good bearing design must en- 
sure that an adequate supply of lubri- 
cant is available to replace that which 
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Off-the-Shelf Gear Reducer 


RATIOS FROM 
5:1 10 3125:1 


Link’s Hi-Precision 012 Gear Boxes offer the flexibility, performance range and construc- 
tion qualities you'd expect to find only in costly custom systems. Designed for application 
with servo mechanisms, control equipment, instruments, computers and motor drives, 
Link 012 Gear Boxes are light (16 oz.) and compact (342” x 3%” x 2-7/ 32”). They feature 


anodized aluminum AGMA Precision Class 3 gears, Class 1 precision ball bearings and 
lifetime lubrication. 


Other Model 012 Features: 
¢ Output rated at 120 oz.- in. at slow shaft 
® Friction torque of .004 oz. — in. 
Backlash less than .27° 
Avg. total inertia (reducer & coupling) 4.5 gm cm? 
Efficiency 97% at 120% “rated load; 95% efficient af 10% rated load 
e Available in ratios from 5:1 to 3125:1 


Dual output models also available for many ratios .. . 
Link adapter kits integrate 012 Gear Box with 
commonly used servo motors. 
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A subsidiary of General Precision Equipment Corporation 
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every phase of electronics! 
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Relays ¢ Switches © Industrial 
Tubes ¢ Test Equipment ¢ Trans- 
formers © Controls ¢ Resistors 





* e Meters © Capacitors 
. © Pilot Light Assemblies 


e Sarkes Tarzian @ Texas Instruments 
e International Rectifier 
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Your One-Point Source for All Your Electronic Needs 
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COMPUTING 
COMPONENTS 
FROM 


Librascope 


Shaft-to-digital 
encoders meet 
rigid requirements 





Librascope shaft encoders meet and 
surpass rigid requirements of air- 
borne analog-to-digital translation. 
Shock, vibration and temperature 
extremes do not affect their continu- 
ous, noise-free operation. 


THEY’RE DIRECT: A simple one-step 
means of digitizing analog data. 
THEY’RE RELIABLE: Multi-million 
turns at high speeds with constant 
contact resistance. 

THEY’RE VERSATILE: 14 basic models 
in wide range of capacities; special 
function codes built-in to simplify 
computer requirements. 


For full details on Librascope 
encoders write for Catalog E11-1 


MODEL TOTAL 








OUTPUT 
CODE | NO. @ CAPACITY PER TURN | 

PARALLEL | 740 10 bits (1024) 1024 
BINARY | 743 13 bits (8192) 128 
(LINEAR) 

707 7 bits (128) 128 
Sey «=| 713. «| 13 bits (8192) 128 
(LINEAR) | 717 | 17 bits (131,072) 128 

719 | 19 bits (524,288) 128 





SERIAL 757+ | 7 bits per quadrant* 512 





BINARY (4 quadrants) 

758t | 8 bits per quadrant* 1024 
(SIN-COS) (4 quadrants) 

723 2,000 200 
— | m 20,000 200 
DECIMAL | 733 38/000 200 
42-1) | 335 360/000 200 
GRAY 708 8 bits (256) 256 

















@All models available with internally mounted 
isolation diodes for sequential multiplex- 
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is evaporated at high temperature. 
Protection from dust and air flow is 
also necessary to avoid dirt in the 
bearings, which is deadly, and oxida- 
tion of the lubricant caused by move- 
ment of air over its surface. 

At low temperatures the lubricant 
must not stiffen so as to prevent the 
motor starting or reaching its specified 
speed. 

Bearing fits are another factor ma- 
terially affecting bearing life. Exces- 
sively tight fits at any temperature 
extreme can render the bearing in- 
operative within a short time. For this 
reason motors for operation over a 
wide temperature range generally use 
steel housings and caps rather than 
aluminum, to match coefficients of 
thermal expansion of the bearing to its 
seating surface. 

Manufacturers offer temperature sta- 
bilized bearings for use at very high 
temperatures. The choice of material 
and its heat treatment are said to pro- 
vide a maximum of dimensional sta- 
bility. Special bearings intended for 


use with no lubricant for short periods 
are also being evaluated for tempera- 
tures above 500F-600F. Wide bearings 
with more lubricant capacity are some- 
times recommended for moderately 
high temperatures. In general, the 
larger the bearing and the lower the 
speed, the longer the life. Currently, 
motors operating for hundreds to a 
thousand hours in a 200C ambient 
temperature represent the limit of com- 
mercially available units for produc- 
tion application. Ambient temperatures 
of —125C to +150C are much more 
common. Improvements in lubricants 
must precede advances in insulation to 
make the next step in improving life. 

Thermo protectors are inherent over- 
heating protective devices that respond 
to motor current and temperature and 
whose purpose is to protect the motor 
against excessive overheating due to 
overload, failure to start, or against 
smoke hazard. Automatic reset pro- 
tectors are available in either single 
or triple heaters. The circuitry is 
shown in Fig. 12. 


VARIABLE FREQUENCY MOTORS 


In many instances a motor is required 
to operate over a range of frequencies, 
as contrasted with more conventional 
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Fig. 12—Thermal protector circuit connections. 
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0.5 MFD CAPACITOR 


360-1000 CYCLES 
SINGLE PHASE 
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Fig. 13—Typical performance characteristics of a variable frequency blower unit. 
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rently, 
to a 
nbient for outer space 
f com- 
roduc- The space/missile era has made it essential for to- 
atures day’s components and systems to function precisely 
more : : . we. 
tale in environments that are literally out-of-this-world. 
a Such stringent requirements can only be met by 
life. companies long experienced in component design 
over. and with proved records of imaginative engineering. 
‘spond Kearfott, long the leader in servo component design 
‘e and and production, has consistently looked into the 
motor future to anticipate the increased performance char- 
lue to acteristics missile components must supply. As a 
igainst result, it has not only developed an entirely new 
Rapes generation of precision components but established 
single the ability to create radically new concepts in sensors 
iry 1s and control elements. 
THE PROBLEM: HIGH ACCURACY 
S THE SOLUTION: Synchros with maximum error from elec- 
: trical zero of 20 seconds. Tachometers with linearity .05% 
quired over the speed and temperature range. 
encies, 
ntional THE PROBLEM: HIGH AND LOW TEMPERATURE 
THE SOLUTION: Servomotors, synchros and tachometers 
STAIR SHES are now available for the temperature range of —54°C 
to 200°C with new developments soon to increase the 
range to 400°C, 
THE PROBLEM: RADIATION RESISTANCE size 2s 
THE SOLUTION: Kearfott servomotors, synchros and 
ttn tachometers operate at 200°C and can withstand radia- 
tion of 10° through 10” roentgens. 
THE PROBLEM: SHOCK AND VIBRATION 
my THE SOLUTION: All Kearfott components can be supplied 
to function as required during or after 20 g’s shock or 
2000 cps vibration. 
THE PROBLEM: MINIATURIZATION 
THE SOLUTION: Size 5 synchros and servomotors. Size 8 size 1 
components are outstanding examples of Kearfott’s ability 
to combine miniaturization with precise performance. 
SORRELL THE PROBLEM: LONG LIFE 





THE SOLUTION: Components are being developed which 
will operate continuously for 12 months in a total vacuum, 
the environment of outer space. 























Representative of Kearfott’s ability to look ahead are SIZE 11 
such current areas of development as Solid State 
Transducers and Control System Components. You A 
= can take advantage of Kearfott’s long- GENERAL 
— established know how in developing precision earfott PRECISION 
components for today — and tomorrow — by COMPANY 
ne writing for details concerning your specific 
requirements. KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
bi A subsidiary of General Precision Equipment Corporation 
. ° — Soles ond Engineering Offices: 1500 Main Avenue, Clifton, N. J 
Engineers: Kearfott offers challenging opportunities Midwest Office: 23 W. Calendor Avenue, La Grange, IIlinois 
a e South Central Office: 6211 Denton Drive, Dallas, Texos 
in advanced component and system development. West Coost Office: 253 N. Vinedo Avenue, Pasadena, California 
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a-c emall motore 


BARBER 
COLMAN 





: = | high-torque unidirectional types 


for quiet 
performance 
and long life 


Outstanding for their high starting 
torque and low-inertia rotors, 
Barber-Colman motors are first 
choice for many of the nation’s leading 
manufacturers. Low noise level... 
high dielectric strength coils . . 
precision construction... 
compactness. . . long-life lubrication 
--.- and a quality guarantee backed 
by 30 years’ experience are among 
the many other features of these 
motors that will assure long, 
trouble-free service in your product. 





TYPE F TYPE R 
Ideal for use in Features extra high High-torque Barber- 
cramped quarters. power to weight Colman motor for 
Smallest unidirec- ratio while main- heavier power re- 
tional core-type taining exceptional- quirements up to 
motor in the line, ly good starting 1/20hp. Heavy-duty 
yet has good start- torque Porous construction for the 
ing torque and bronze bearings, most exacting ap- 
power output large oil wicks. plications. 


PR MNES sal 





Open and enclosed geared types 


for longer life 
at lower cost 


For longest life per dollar invested put 
Barber-Colman geared motors into your 
product. High-quality construction through- 
out . . - accurately hobbed gears, all of 
which are of properly heat-treated steel 
(except first step Textolite gear for quieter 
performance) , . . high torque, positive 
starting. 

TYPE DZ — Open-type, double-gear plate motors for 
applications requiring a rugged, long-life motor. De- 
signed to handle overhanging loads. Available in uni- 
directional, reversible, and synchronous models. 

TYPE HZ — Low-cost, rugged, compact, high-torque 
motors available in unidirectional, reversible, and 
synchronous models. 

TYPE PZ — Enclosed geared construction for mounting 
externally to driven device. Unidirectional, synchro- 
nous, and reversible models. 








FREE CATALOG HELPS SELECT MOTOR NEEDED 

Get the helpful condensed catalog of Barber-Colman shaded pole 
small motors. Contains complete descriptions of above motors, shows 
typical specifications, performance characteristics, control circuit dia- 
grams. Write for your copy. 





BARBER-COLMAN COMPANY 
Dept. U, 1212-1 Rock Street, Rockford, Illinois 


Small Motors * Automatic Controls * Industrial Instruments ° 
Electrical Components °* Air Distribution Products ° 
Molded Products * Metal Cutting Tools * 


Aircraft Controls 
Overdoors and Operators 
Machine Tools °* Textile Machinery 
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COMPONENTS ¢ 
* DIGEST 


single frequency (with a_ tolerance) 
operation. Typical ranges may cover 
50 to 450 cycles, 300 to 2000 cycles, 
or operation in the vicinity of 60 and 
400 cycles without circuit changes. 
This unorthodox operation is often re- 
quired because of power supply char- 
acteristics, where aircraft engines, for 
example, drive a-c generators at speeds 
vorresponding to engine speed, hence 
variable. Sometimes stocking of parts 
is simplified by using the same unit in 
both 60 and 400 cycle systems. 

In any case, this variation in fre- 
quency must mean a deterioration in 
performance. A single frequency motor 
must be more efficient (at its rated 
frequency) than a motor designed to 
operate over a frequency range. Some 
of the factors affecting performance 
are apparent as discussed below. 

Assume, as is most common, that a 
blower is to be driven at a minimum 
speed corresponding to a required air 
delivery (Fig. 13). Let f, and f, corres- 
pond to the lower and upper frequen- 
cies of the range respectively. Since 
maximum theoretical speed of a poly- 
phase induction motor under balanced 
conditions corresponds to its synchron- 
ous speed, N,=120f/p, where N,= 
synchronous rpm, and f and p are 
respectively frequency (cps) and poles, 
the blower speed must be somewhat 
less than synchronous speed at f;. This 
establishes the air delivery of the blow- 
er. With a properly adjusted unit, speed 
will generally increase in the interme- 
diate band of frequencies, and finally 
decline at the high frequency end. In 
blower applications the fact that blow- 
er power varies as the cube of the speed 
tends to minimize speed excursions over 
the intermediate frequency band. At f,, 
where speed declines to roughly the 
same value as at the low frequency 
point, a high slip condition occurs. 
That is, speed is low notwithstanding 
the high line frequency. From our 
previous consideration of equivalent 
circuits for balanced operation, the 
theoretical rotor power exceeds the 
shaft power by a factor of 1/(I-S), 
which can be very large at high slip. 
Due to unbalance in the individual 
phases which would naturally occur at 
most points in the frequency range, 
plus the occurrence of stator copper 
and core losses, the actual power re- 
quirements may be several times this 
figure. Thus, although only a relatively 
few watts of shaft power may be re- 
quired, motor watts for wide frequency 
band operation may be quite high, 
an advantage of d-c machines. 
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fig. 14—-Shift in operating point with 
dtitude. The blower or fan speed- 
orque characteristic is parabolic The 
speed-torque characteristic of the mo- 
tor indicates high slip, which produces 
a significant speed change with alti- 
jude. The higher speed at high altitude 
means more cfm of cooling air, which 
helps compensate for reduced air 
density and cooling capacity per cubic 
foot. In the diagram, T is the torque; 
Ts is the stall torque; N is the speed; 
No is the no-load speed; L, M, and H 
refer to low, medium, and high altitude 
respectively; P is the operating point 
of motor-blower combination at inter- 
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Fig. 15—Variation in operating point 
with altitude of a blower with a low 
slip drive-motor. Speed varies slightly 
with altitude. This makes for high op- 
erating efficiency in the vicinity of sea 
level, but a considerably reduced cool- 
ing capacity at high altitude. 


MOTORS FOR BLOWER APPLICATION 


Fan and blower drives are a very im- 
portant application of small induction 
motors. The special requirements de- 
manded in this application include 
combinations of the following: 

¢ Absolute reliability. If the blower 
fails, excessive temperature rise may 
cause complete ruin of the equipment 
the blower was designed to cool. 

® Operation at very high ambient tem- 
peratures, since blower use is basic- 
ally associated with hot environments. 
* High efficiency. Heat generated in 
the blower must be included with the 
total heat generated in the equipment. 
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TYPE FYLM 


1h” DIAMETER 

PERMANENT 
MAGNET 
MOTORS 


@ Three standard frame lengths 


@ Constant brush pressure over 
entire motor life 

@ Large, rugged bearings 

@ Very low ripple — 
14-bar commutator and 
14-coil armature 


@ Standard or special mountings 
for interchangeability with 
other motors 


@ Radio noise filters, gear- 
heads and other special 
features available 


This popular sized motor can be 
supplied in voltages from 6V d-c 
to 115V d-c. Normal ambient 
temperature range —65° to 200°F 
(can be designed for —100°F or 
400°F). Rated output, 10 mhp 
continuous to 35 mhp intermittent. 
Rated torque, .05 lb-in. to .16 Ib-in. 
Weight, .26 lb to .43 lb. If you have 
a new or replacement motor ap- 
plication, contact Barber-Colman. 





THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp... . permanent magnet and split 
series types . . . various mountings and speeds. . . 
‘ also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rate control applications. Low-cost battery- 
operated motors. Resonant Relays characterized 
by low operating power, narrow band width. 
Ultra-Sensitive Polarized Relays operating on input 
powers as low as 40 micro-watts. 400 Cycle A-C 
Motors for aircraft and missile applications. 





400 cycle a-c motors _—‘tach generators 
TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrical 
components. Detailed specifica- 
tions, performance data, circuitry 
drawings. Write for bulletins on 
any or all products. 





BARBER-COLMAN COMPANY 
Dept. U, 1812-1 Rock Street, Rockford, Illinois 


Small Motors * Automatic Controls °¢ 
Air Distribution Products ° Overdoors and Operators 
Metal Cutting Tools * Machine Tools * 
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Electrical Components ° Industrial Instruments 
Aircraft Controls ° 
Molded Products ° Textile Machinery 
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flight approved... ms 
by Able, Baker and Jupiter! © » 


3 POLE 30X10 COMMUTATOR, 28 VOLT D.C. OR os 

115 VOLT 400 CYCLE HYSTERESIS SYNCHRONOUS 2 
#1 Pole 30 BBM contacts 75% duty cycle, data Interpole phasing to within i 2. 
#2 Pole 30 BBM contacts 75% duty cycle, data + 20 minutes arc maximum. 


Sync pole leading edge elec- 
#3 Pole 30 BBM contacts 50% duty cycle, sync pole irically lags date ~ 4 


MILITARY: MIL-E-5272A, MIL-I-6181B, IRIG 


Temperature . . . —55°C to +85°C Continuous 
ae “ele Ee: * hak ey od ft. : ces 
mreuen- . . . « Ie 7 cps 3 major planes , 
Shock .. . . . 50g 3 major planes Commutation 
Acceleration . . . 75g 3 major planes : } 
Service Free Life. . Minimum of 500 hours without service from = 
Weight, 2,375 pounds Full hermetic case. : 
Motor & Power . . 115 volts hysteresis synchronous 400 cycle less than Pre-launch 
; 12 watts. 28 volt d.c. ungoverned less than 4 watts. 
Contact Resistance . Less than 0.2 ohms total with a lifetime variation of through 
approximately 0:03 ohms for the first 500 hours life. 


Insulation Resistance 100 megohms at 500 V. d.c. : 
Hi Potential Test. . 100 megohms at 500 V. rms Recovery 






PAM or FM/FM 
\ % COMMUTATOR 


y write for Technical Bulletin 500416 
(DC Motor) or 500417 (AC Motor) 
giving specification data and pricing. 





INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
A Subsidiary of Royal McBee Corporation 
66 Mechanic Street * ° Attleboro, Massachusetts, U.S.A. 
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METAMORPHOSIS 


See your R&D metamorphose into 
usable hardware. Our Inertial 
Guidance System contracts require 
that we add to our staff. If you have 
3 to 5 years of experience, you 


probably qualify for a position of 
responsibility. Inquire today of Mr. 
C. T. Petrie, Manager, Research & 
Engineering Staff, 











LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 




















COMPONENTS ® 
ae DIGEST 


e Miniature’ size, since miniature 
equipment with tight packaging of 
heat generating components could not 
contain an oversize blower. 
e Low sstarting torque. Since the 
torque required to drive a_ blower 
varies as the square of its speed, low- 
speed motor torque requirements are 
negligible in comparison with rated 
speed requirements. This gives the 
motor design some flexibility. How- 
ever, torque must be adequate to in- 
sure starting in a reasonable time at 
cold temperatures where the bearing 
grease stiffens. The cold start picture 
is aided by self-heating in the stalled 
motor, which soon warms up the bear. 
ings, and the fact that cooling is not 
so critical at cold ambient tempera- 
tures. Notwithstanding these extenuat- 
ing circumstances, cold start require- 
ments are a necessary reliability factor, 
e A safe temperature rise, even at 
altitudes above 50,000 feet where con- 
vection cooling becomes negligible, is 
a must in many blower applications, 
e For many applications where it is 
desired to provide a relatively constant 
supply of cooling air over a range of 
altitudes, the motor  speed-torque 
characteristic must be chosen to pro- 
vide a speed increase with decreased 
loading. Fig. 14 shows this type speed 
torque characteristic and its influence 
on the motor speed variation with alti- 
tude. For contrast, Fig. 15 shows per- 
formance with a low slip motor. 

A low slip unit provides best eff- 


ciency at sea level. However, it pro-} 


vides almost no additional cooling at 
high altitude. To meet a cooling re- 
quirement at altitude with a low slip 
motor, it may be necessary to provide 
excessive low altitude cooling air. This 
often means a larger motor. 

A high slip motor designed for alti- 
tude air-delivery requirements would 
lose speed at sea level. The number 
of poles becomes a matter of per: 
formance. High altitude speed ap- 
proaches synchronous speed. Thus a 
400 cps 2-pole motor may drive a fan 
at 21,000 rpm at 70,000 feet, and at 
about 5000 rpm at sea level. This 
means a 4/1 increase in cfm at high 
altitude where the air density is low. 
Fig. 16 shows the cooling charac: 
teristic of a Rotron “Altivar” fan as a 
function of altitude. 


EFFICIENCY FACTORS OF 

HIGH-SLIP UNITS 

Efficiency is diminished in high-slip 
units for these reasons: A high resis- 


ELECTROMECHANICAL DESIGN 


a 











“sa =a Ok CO. CUD 


SEPTEN 


miniature 
aging of 
‘ould not 


ince the 
1 blower 
eed, low- 
1ents are 
th rated 
tives the 
y. How- 
te to in- 
time at 
bearing 
t picture 
e stalled 
the bear- 
1g is not 
tempera- 
extenuat- 
require- 
ty factor. 
even at 
ere Ccon- 
igible, is 
lications. 
ere it is 
constant 
range of 
d-torque 
to pro- 
lecreased 
pe speed 
influence 
vith alti- 
OWS per- 
or. 
rest effi- 


, it pro-} 


oling at 
nling re- 
low slip 
provide 
air. This 


for alti- 
s would 
number 
of per- 
eed ap- 
Thus a 
ve a fan 
, and at 
1. This 
at high 
is low. 
charac- 
fan as a 


high-slip 
th resis- 


- DESIGN 








How to Specify 


SOLENOID VALVES 
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ORP. 
VALCOR ENGINEERING C fF 


i Rey 
965 Carnegie Ave. Kenilworth, New Je pes = 


(¢ 
~~ ae, 


a 


“How To Specify Solenoid Valves” 


An authoritative booklet, fully illustrated with page after page of schematics, flow charts and diagrams, 
covering every important solenoid valve design. A complete guide for calculating flow and pressure 
drop characteristics...how to determine the most suitable valve configuration...what type of sealing 
principle is best for you... how to climinate costly over-specifying. Invaluable to engineering and 
purchasing personnel. 


VAICOR 


SOLENOID VALVES 


Write today for your free copy. 


VALCOR ENGINEERING CORP. 


5374 Carnegie Ave., Kenilworth, N. J. « CHestnut 5-1665 
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& TABLE VII 
© 

The commonly used specifications encountered with electric motors are: 


DIGEST ——— — 


* x 1. AF-32590—Motors; Aircraft, alternating 

current, 400 cycle, induction for: This spec 
is rather old, and although not official, it 
is actually superseded by MIL-M-7969A 





applicable to electric motors in this specifi- 
cation. 

5. MIL-Q-5923B(USAF)—Quality Control of 
Aircraft and Associated Equipment. 


tance rotor means more rotor copper (ASG). 6. MIL-E-7894A(ASG)—Electric Power, Air- 
loss at a given slip. The wide speed 2. rape eget a einige ae craft, Characteristics of: 
range results in mismatching of motor poi Reeve @ range, self cooled electric § 1. 1 power is 380 t6 420 cycles. 


impedance to the phase-shifting ca- 
pacitor except in a limited portion of 


All applications should be clarified as to Type Ill power is 150 to 1200 cycles. 


curve | or curve Il. This is part of MIL-M- Type !I power is no longer listed. 
the speed range. And, finally, but most 7969A(ASG). Practically all the 400 cycle motors operate 
important, there is rotor slip loss which 3. MIL-E-5272A — Environmental Testing © type | power. 
is related to the shaft power by a defi- Aeronautical and Associated Equipment, 7. MIL-M-7969A(ASG) — Motor, alternating 


general specification for: 

4. MIL-E-5400 — Electronic equipment-Air- 
borne, general specification for: 

There are many requirements that are not 


current, 400 cycle, 115/200 volt system, 
Aircraft, general specifications for: 

8. MIL-M-17050(SHIPS) — Motors, Alternat- 
ing-Current, Fractional HP (Shipboard use). 


nite function of slip. From the equiva- 
lent circuit data, Table 4, 
Mechanical power=Rotor power xX 






























































(1-slip) 
Rotor power=Mechanical power, (1- 
slip) “ | I HT 
For the example above, the slip at 500 5 100% - a —— 
rpm is = ACTICAL LimIT oF * : 
(N,—5000)/N,=slip 3 Oe ALTivaR DESIGN TS) 
N,=120f/p=120 x 400/2=24000 rpm —£ 75% | 
(24000-5000 ) /24000= 19/24 3 \ ——_— 
Rotor power= (1/[1-(19/24)]) z ~! Se eae ae , 
x mechanical power | 3 7 aon ne ilies hs Di 
. ) otron ivar 
= (24/5) x mechanical power |‘; 50% x “SJ ounit. Curve (1) rep- 
Thus, almost 5 times as much power Co, resents the weight re- ex 
must be delivered to the rotor as is |S duction with altitude 
needed at the output shaft. Appreci- | 3 25% of air delivery from in 
ably more power is required to supply 3 a typical “Altivar” 
stator losses, iron losses, and losses due z — fan. Curve (2) shows H 
to unbalance in the rotating field. The = a ee ae 
motor must be able to dissipate the 3 0) 10 20 30 40 50. —- 60 ~nl : soees ais on C 
heat which characterizes high slip op- i ALTITUDE maining curves are as 
eration. xX 1000 FEET indicated. 
MILITARY STANDARD 
ENVIRONMENTAL FACTORS MS 33543 
Electric motors are generally covered 120 
by the standard environmental speci- Fig. 17—Standard tem- 


fications, such as MIL-E-5272A, MIL- 


perature vs. altitude char- 


STD-202, and MIL-E-5400. These = acteristic. Milalaeuns teat 
specs have been outlined in our Com- perature curve is appli- 
ponents Digest 4, Environmental Test- 80 cable to all equipment de- 
ing (see March 1959 Issue of EMD). signed to either maxi- 
In general, environmental specs for or- mum temperature curve 

I or Il. Maximum tem- 


dering a new motor are best written 
around one of these standard speci- 
fications, with exceptions taken as indi- 
‘cated by the specific requirements of 
the application. Thus, the general 
statement can be made that MIL-E- 
5272A, paragraph “X” applies except 
as indicated; then list the exceptions. 
Probably the most important ex- 
ceptions have to do with temperature 
range, particularly in the high temper- 
ature region. Ambient temperatures of 
150C are not uncommon. Difficulties 
arise in achieving a thousand or more 
hours of life under load at ambient 
temperatures such as this and higher. 


= perature curve II is ap- 


plicable only for interim 
procurement and if spe- 
cifically permitted by the 
detail specification or 
drawing. Test conditions 
per detail specification. 
Curve I indicates the max- 
imum _ temperatures to 
which equipment must be 
designed to operate satis- 
factorily in unconditioned 
compartments of high 
performance aircraft pow- 
ered by air consuming 
engines. Curve II indi- 
cates the maximum temp- 


20 


AMBIENT TEMPERATURE (COMPARTMENT) - °CENTIGRADE 





Continuous operation for the total life 
period at the highest ambient tempera- 
ture is far more severe a requirement 
than the motor is likely to meet in 
ractice where only a fraction of its 
ife occurs at high temperature. 
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PRESSURE ALTITUDE 


1000 FEET 


eratures to which equip- 
ment must be designed to 
operate satisfactorily in 
conditioned compartments 
of high performance air- 
craft or in low perform- 
ance aircraft. 
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Perfect concentricity must be maintained in the man- 
ufacture of this sleeve and piston assembly used in jet 
aircraft. Here it has been achieved in a 2.225” diame- 
ter, .895” thick sleeve with a .0005” maximum clear- 
: SyeiaE : 
aractis: ance between sleeve and piston. This is typical of 


Centralab’s ability to control the manufacturing of 


; 2 Difficult shapes to ceramic parts to extremely close tolerances, no matter 





























itivar’’ sogiyiisg mene 
1) rep- , ae : how complex the shape, how intricate the machining. 
ight re- exacting specifications ; sian 
altitude pee oe will meet your _ rt 
& specifications when you require a material with any 
Pee in Centsalab 85%,95%,99% combination of these properties: 
oe H I GH A LU M I NA e Tolerances to + .00025 ¢ Unaffected by radiation, 
* ‘onal ¢ Compressive strength oxidation, or corrosion 
The re- C EB RAM I C Se to 300,000 Ib. /sq. in. ¢ Dielectric constant 
; are as ; ¢ Flexural strength to 8.7-9.3 at 1 Mc 
54,000 lb. /sq. in. ¢ Power factor .0002 at 
¢ Stability to 1485° C 1 Me 
e Inert to oils, acids, ¢ Loss factor .002 at . 
alkalis 1 Mc . 
, tom High Aluminas are stronger than steatite, and in . 
le char. many applications are more effective than metal. All 
” tem- Centralab High Aluminas conform to JAN 1-10-L6A 
appli- specifications. 
t de- 
geen Centralab’s modern facilities, including a kiln espe- 
cures cially designed for High Alumina production (the only 
= tem one of its kind in the United States) and Centralab’s 
is ap- experience—over 30 years in engineered ceramics—are 
interim your assurance of reliability, quality and versatility. 
7 pe A New Design Handbook containing detailed engi- 
ion or neering data on the use of Centralab High Alumina 
ditions and Steatite engineered ceramics is available free. 
cation. Write for Bulletin 42-554. 
ie max- 
res to 
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high : ee eg 
ft pow- Co oo “A 
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| temp- 
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~ 2 an RO In Canada: 669 Bayview Ave., Toronto 17, Ont. | 
ce air- ® 
‘rform- 
VARIABLE RESISTORS © ELECTRONIC SWITCHES ¢ CERAMIC CAPACITORS e¢ PACKAGED ELECTRONIC CIRCUITS ¢ ENGINEERED CERAMICS 
seneen CIRCLE 56 ON INQUIRY CARD 


SEPTEMBER 1959 67 








COMPONENTS e 
& 


There are no generally accepted 
standards for life testing suitable for 
the types of motors we are consider- 
ing. The application engineer fre- 
quently creates his own specification 
based upon estimates. A complete spec- 
ification will cover the total required 
life, the time to be spent at each am- 
bient temperature during the life cycl- 
ing test, the speed of the motor and 
its load during the life test, the ap- 
plied voltage and frequency (which 
normally have some tolerance), the 
duty cycle, reversing or non-reversing, 
and the mounting conditions. 


Since life depends very sharply on 
the temperature within the motor, the 
matter of mounting becomes impor- 
tant. The temperature rise of small 
motors can be reduced to less than half 
by mounting on appropriate heat sinks. 

Similar factors apply with respect to 
high altitude. Many motors are capa- 
ble of delivering a rated output which 
is much more than would normally be 
expected for the frame size as a con- 
sequence of self-cooling. A fan as- 
sembly mounted directly on the motor 
provides good cooling, reducing tem- 
perature rise. Fan cooling becomes al- 
most useless, however, at altitudes above 
about 50,000 feet and as a result, per- 
formance based upon self-cooling must 
be related to altitude conditions. High 
altitude may never occur simultan- 
eously with maximum ambient temper- 


ature permitting an increased temper- 
ature rise (see Fig. 17) or the motor 
may be located in a pressurized area 
where cooling would be maintained. 

Table 7 lists the commonly used 
military specifications applying to elec- 
tric motors. Reference to these speci- 
fications provides a valuable back- 
ground for the evaluation of motor ap- 
plications. Note in particular MIL- 
M-7969A (ASG) which relates di- 
rectly to the type of motor covered 
in this Digest. 


ORDERING A MOTOR 


Because motors are used in so many 
ways, it is safest for the application 
engineer to provide fullest application 
details to the motor manufacturer. This 
information should cover not only the 





TABLE Vill 


DATA SHEET FOR MOTORS AND GEAR MOTORS 





Type of Motor: [] Open 


[] Servo 


Nominal Voltages: ___ V. Main @ 
Capacitor 

Frequency (s) 

Phase Data: 

impedance Dota (R_+ SX or Z at Z ): 

No Load: ____ 

No Load: ___ 

No Load: 


Amperage: 
Wattage: 
Speed Rpm: 
Torque (oz. in.) at 
[] Motor Shaft 
[) Gear Shaft 


Temperature Rise 


Starting _ 


(C.) 
(C.) 


[] Intermittent 


Temperature Ambient 


Duty Cycle: 


Special Noise Requirements: 
[J Reversible 


[] Terminals 


Rotation: 
Connections: Type 
Moment of inertia in gm cm* 


Dia. 


Rotor: 
Max. Dimensions (except shaft): 
Shaft Data: [] One End 
[-] Second End 
[] Splined Data: 
[] Sleeve 
[] Standard 
Life Expectancy: 

[] Flange 
(Lbs. & Oz.) 


[] Commercial 


O 
0 


Bearings: 

Lubrication: 
Mounting: C 
Weight: 
Application: 
Nature of Application: 


Other Requirements: 





[] Synchronous 


Time On 
Time Off 


[J Clockwise _ 


Dia. 
Dia. 


CL] Military 


[] Enclosed [] Non-cooled 
[] Reluctance 
[] Gear 


mfd. si 2 2 iis 


(] Hysteresis 
[-] Induction 


aa Ss ee A 3 D line-to-line 


[] Self-cooled 
[] Salient 





H. P. Rating (s) 





M. Phase 

Full Load: 
Full Load: 
Full Load: 


speed & torque asa fraction.) 
Stall 


P. O. Torque (for syn. motors) 


Min. Full load 


P. I. Torque 


Low — 


[] Continuous _ 





C. Phase 
At Stall: 
At Stall: 
(If 








applicable, indicate 2nd 








______High 
(How Long?) 





Backlash 


[] Leads No. Length 


Length | 


a“ ”“ 


() Threaded Data: 


Ball 
Special 


Synchro Ring [] Other 


Use reverse side for color code, diagrams, and other comments. 


[J Counterclockwise (Viewed from lead end) 


(Indicate flat, slot, etc., if applicable) 


Type 


[_] Applicable Specs. 


a“ 


Type 


”“ 





“ “a a“ a“ 





(Specify Type) 


(Specify Type) 





Courtesy EAD 








WRITE DIRECT OR CIRCLE 57 ON INQUIRY CARD AND INCLUDE HOME ADDRESS => 





mper- 
motor 
| area 
ned. 
used 
 elec- 
speci- 
back- 
or ap- 
MIL- 
s di- 


many 
‘ation 
ration 

This 
y the 


additional 
are being 
a impor- 


At the present time 


ranging programs 
diverse a" 


at MED : 


far- 
pursued in 

tant areas 
g, Mobile Radat 


« Fixed 
at 


. Shipborne Rad 


design in the area 
in complete confidence to Mr- 


weavyY muit 


GENER AL 


Court STREET, 





L 


Vv 








COMPONENTS & 
3 DIGEST 


actual performance requirements, but 
as much background as possible on 
how the motor is to be used. These 
factors often profoundly influence de- 
sign features. 

Of particular importance is infor- 
mation on the removal of heat. There 
are no special standards on safe tem- 
perature rise for most applications, but 
only the requirement of adequate life. 
The motor manufacturer confines his 
temperature rise to what he considers 
a safe value compatible with the insu- 
lation and lubrication systems’ limits. 





If a heavy heat sink is included in the 
final motor installation, the motor 
manufacturer should be so advised. It 
may make his problem (and yours) 
a great deal easier. Similar remarks 
apply to gooling air which may be 
available in the system package. 

As discussed above, convection cool- 
ing diminishes at very high altitudes, 
and temperatures can become exces- 
sive. Specify altitude conditions. and 
the temperatures anticipated at these 
altitudes. 

An often neglected factor in motor 
specifications is the definition of a 
satisfactory life. This is probably due 
to the difficulty in anticipating the na- 
ture of a typical life cycle, and a con- 
sequent natural tendency to leave the 
specification vague. A user of motors 


may, for example, indicate: 
Operating temperature range —55C to 
125C; Life 2000 hrs. 

He is vague as to whether the specified 
life must be reliably obtained at 
+125C, a difficult specification to 
meet, or whether a room temperature 
life test is satisfactory. In the event of 
premature failures, he can protect him- 
self by taking the former interpreta- 
tion, although an initial strong stand 
here might have meant high prices, 
and long lead time for delivery of 
prototypes. 

A more satisfactory approach would 
be to spell out a life cycle, for ex- 
ample: 

500 hours at —55C 
500 hours at +125C 
100 hours at +25C (room temperature). 



































Rotation Propeller Fan: CJ C.w. 
Rotation Tube Axial Fan: 2s ibd 


Rotation Vane Axial Fan: hes 


Specify Discharge Location (3 o'clock position or other): 

















Application: CL) Commercial 


Nature of Application: 





Other Requirements: —_— 





Enclosures: 








Dp Military 


TABLE IX e DATA SHEET FOR FANS AND BLOWERS 
VOLUME 
TYPE CFM (NAFM) | STATIC PRESSURE | CFM (NEMA) 
- a — ———— za oa eee —_ —s 

k,n a ee Pn | | 

; | ioe | 
Tube Axial F 
Tube Axial Fan me ' bie ea | | 
Vane Axial Fan 
— aia = oe : en he in —4 
Centrifugal Blower aah ae So = i Wy r 
Type of Enclosure: CJ ‘Open a ‘Enclosed oO Non-cooled [] Self-cooled ie 
Voltage: . _____ Max. Amperage: __ Max. Wattage: H. P. Rating: ae 
Number of Phases: f 
Frequency: nia! Capacitor _ mfd. ; Volts 
EE en 
Ambient Temp. Range (°C): Son High 
Duty Cycle: {_] Intermittent Time On__ [] Continuous 

; ; Time Off = 

Special Noise Requirements: _ 
Rotation Centrifugal Blowers: [] Clockwise 


(] Air Over Motor 


0 ccw. 
OD ”“ CJ ”“ “ “a 
O ”“ 0 a” ”“ a” 


(Rotation determined looking from air discharge end.) 


Max. Dimensions: Dia. “i Length 3 Width 45 
Connections: (0 Terminals Type CJ Leads No. Length 
Bearings: C] Sleeve C) Ball Class 
Lubrication: o Standard fe ‘Special 
Life Expectancy: e — ay Peg 
Mounting: [] Base [] Outlet Flange [] Inlet Flange 

[] Face Mounted [] Other _— a 
Weight: (Lbs. & Ozs.) nc yy Wenig . Dog 


Use reverse side for color code, diagrams, and other comments. 


(] Counterclockwise — (Viewed from motor end) 


CD Applicable Specs. 





[] Air Away From Motor 
CJ “ “ a“ a“ 
CD a“ “ a“ a“ 


Height 4! 


“ 


Type 
Type 
Gpedly Tyee 
[] Strap Mounted 
_______ (Specify Type) 
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A NEW TYPE OF FA 


DIE CAST ROUND-HEAD 
THUMB NUTS. SCREWS 


STENER 


with GRC’s exclusive 
Ate) = GRIP feature 









? 
Sad 4" r ‘ ; g 
q } ? > ig 
ALF 
Other GRC Fasteners 


Die Cast Zinc Alloy Molded Nylon 
Wing Nuts. Cap Nuts. Screws. Washers. 


No. 4 thru 7/16” Wing Screws. Rivets Screw Insulators 


Mass produced in rust- 
proof zinc alloy at 
low cost, with eye ap- 
peal to help sell your 
product . . . generous width tops have deep flu- 
ted edges for firm, comfortable grip. Closed 
or open end nuts. I-pc, die cast or 2-pc. assem- 
bled screws with and without shoulders. 


GRIES REPRODUCER CORP. 
119 Beechwood Ave., New Rochelle, N.Y. « NEw Rochelle 3-8600 






Write Now for prices and 
GRC’s New Fastener Catalog. 






World's Foremust 
Producer of Smal 
Die Castings 
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SLOW MOTION IS QUR BUSINESS 







Brevel“F”’ motors ¥ 
have fully-enclosed 
gear trains; provide 
maximum protection 
of gears against dirt. 


BbBREVEL 


621 West 26th St., New York 1 « 
CIRCLE 60 ON INQUIRY CARD 


Designed to give maximum 
power transmission at low- 
est noise level by use of 
specially cut helical gears. 
Optional features — brake, 
clutch, and cooling fan — 
make it suitable for a wide 
variety of applications. Like 
all Brevel Motors, this new 
“F’’ Motor provides reliable 
power at low cost. 


Write, wire or phone 
today for Catalog 27R. 


informa- 
complete 
head 


receive 
Brevel’s 
smali gear 


You will 
tion on 
line of 
motors. 


Brevel Preducts Corp. .¢ Phone: WAtkins 4-4737 
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DIGEST 


A further breakdown into shorter re- 
peated cycles of specified duration at 
specific temperatures is also feasible. 
The method of mounting, position, and 
the manner of application of load must 
be specified. If load conditions are 
simulated by a brake on the motor 
shaft, then the flow of brake heat 
(motor output power) must be related 
to the actual operating condition. For 
a motor having 75% efficiency, three 
times as much heat will be developed 
in the brake load, as in the motor. 
This heat can be conducted through 
the shaft to the front bearing, resulting 
in premature failure. 

Motor users are often vague about 
operation at other than nominal condi- 
tions. For example, where line volt- 
age is given as 115 volts +10%, and 
frequency from 380 to 420 cps, must 
all performance characteristics be met 
at the extreme tolerance conditions. 
Frequently, only nominal conditions 
are intended, but this is not always the 
case. Often, this point is not clearly 
stated. 

A low slip motor certainly changes 
speed with frequency. Power input 
varies as the square of line voltage at 
a given speed. High power occurs 
where frequency is low and voltage is 
high. Clarification is necessary. 

Similar problems occur in blower 
applications. When blower perform- 
ance has been specified, the tempera- 
ture condition must be explicitly noted. 
Satisfactory room temperature porform- 
ance may occur simultaneously with 
much reduced speed and higher input 
watts at —55C where air density is 
greater. In actual use this probably 
introduces no problem, since cooling 
air is less important at low tempera- 
ture, and motor wattage simply heats 
up the lubricant for easier rotation. 

Electrical characteristics of the motor 
should not be specified in excessive de- 
tail, or redundancy. If power is avail- 
able, the motor should be permitted 
to use it (within reason, and with at- 
tention paid to total heat within equip- 
ment). It is the manufacturers’ re- 
sponsibility to see that the motor meets 
life and reliability requirements. If 
only wattage is important, avoid speci- 
fying current and power factor. A 
particularly nasty problem is matching 





a motor to a given capacitor. This 
often occurs when it is desired to 
“second-source” a given capacitor 


motor. Here the new supplier is often 
obliged to use the same capacitor as 
the first source. While motors of equal 
rating will have approximately equal 
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SIZE 11 


(data transmission) 





SIZE 15 
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RESOLVER PICTURE 


slower 
rform- 
npera- 
noted. 
rform- 
with 
input 
sity is 
»bably 
ooling 
npera- 
heats 
ym. 
motor 
ve de- 
avail- 
nitted Whatever your needs for precision 
th at- resolvers, be sure you get the entire 
>quip- picture. For complete specifications 


S we on units below or other models write: 
meets 


is. If 
speci- a ee Sar i ee Re aa " : : 
Rated Test Input Null Max. Transformation hee wea Weight Temperature 


yr, A Frequency| Input Impedance Functional Ratio atio Range 
tching (CPS) | Voltage| Voltage (Ohms) Voltage | ‘Error (%)| Rotor to Stator | Rotor to Compensator OU"°®S} (Degrees C) 


(Max) _ : 
This IR8W4-602, si7¢ g (Wind Comp.)| 400 26 10 







You can depend on one reliable source, 

American Electronics Instrument Division, 

for a complete range of precision resolvers: 
FULL RANGE OF SIZES—SIZE 8, SIZE 11, 

SIZE 15, PANCAKE RESOLVERS AND SIZE 23 

APPROVED SOURCE FOR BuOrd RESOLVERS 


MANUFACTURERS OF BOTH COMPUTING 
AND DATA TRANSMISSION RESOLVERS 






Al AMERICAN ELECTRONICS, INC. 


@ INSTRUMENT DIVISION 
9503 WEST JEFFERSON BOULEVARD, CULVER CITY, CALIFORNIA 








“| 26 | 10 | 2204 j370**| 10 0.1 87 +.020 | .99 +.020 | 1.8 |—55°T0+100° 
ed to “IRLIN4-159, size 1) 400 | 57 11.8] 356+ j1950 | 17 0.1 | 1.902 + .038 4.7 |—55° TO +125° 


acitor IR15W4-425C,Mk4Mod3, size 15 400 | 60 | 15 240+ j1000 | 15 0.1 | .980+.020 | 1.000+.00025***| 8 |—55°T0+85° 























often 25)90-44A, PANCAKE 1600 | 4 “4 | 3600+ j5200| 4 0.1 975 + .020 | 1.000 + .002 6 |-55°T0+85° 
tor as 1R23W4-755", Size 28 400 100 20 775 + j5650 | 16 0.03 | .975+ .020 985 + .010 28 55° TO +85° 
equal *Not illustrated. **Non/comp available with input impedances of 467 + j1580 Ohms and 130 + j370 Ohms. ***When trimmed with BuOrd Amplifier. 
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put #fEINZE in your designs 


HEINZE 
BLOWER-HEATERS 





Optional 
flanged 
heater tube 











for WARMING 
and DRYING 


Heinze Blower-Heaters provide con- 
tinuous operation on applications such 
as hot food vending machines; photo- 
graphic dryers; plate and food warmers. 
Heater wattages are available in single 
ratings from 200 to 1200 watts. Heater 
can be_ thermostatically controlled 
through separate terminals. Coiled wire 
heating element is well insulated to pro- 
tect outer walls. 

DH model includes Type D 2 pole 
shaded pole induction motor. YH model 
is powered by Type Y 4 pole shaded 
pole induction motor. Single units de- 
liver 55 efm; double units, 100 cfm. 
Motors are cw or cew, 115V or 220V, 
60 cycle, 1 ph. Choice of mountings. 


Send coupon for complete technical data. 
| HEINZE | ELECTRIC COMPANY 
685 Lawrence Street, Lowell, Mass. 
SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 


Heinze Electric Company, Dep’t ED 
685 Lawrence Street, Lowell, Mass. 


Please send me literature and prices on Heinze 
Blower-Heater. 


MODE TINO w i cccccccnncccccctscesccccssecccccs 
sacs ic cckcekbeecbuahns sanebeenes ches 
Street & NO... ..ccccccccccvccccccvesevveveecees 
ly BBR ioc ncewescccbncknsusbasanancececnce 
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volts - squared -- capacitance figures, 
the capacitor value will depend di- 
rectly on the power factor. Low power 
factor means a small high voltage ca- 
pacitor. Mismatched capacitors can 
mean much reduced efficiency. Solu- 
tion to capacitor matching difficulties 
requires an evaluation of economic as 
well as engineering factors. 
Supplementing military  specifica- 
tions, many motor manufacturers pro- 
vide standard form _ specifications 
sheets, suggesting in considerable de- 
tail the items to be considered in motor 
selection. The time spent filling in 
sheets of this type is especially re- 
warding in forcing the user to con- 
sider all the factors involved. Tables 
8 and 9 provided by one manufacturer 
are particularly complete and are in- 
cluded here to serve as a check list. 


EFFICIENCY 


The principal direction of current 
developments is toward increased out- 
put in a given frame size. This is ‘ac- 
complished by use of improved mate- 
rials lately becoming available, careful 
electrical design, and the judicious use 
of cooling. Consider the following 
fundamental relations — 
Efficiency (n) = 
Power out (P,) 


Power in (P,,) 

Losses (P,) = (P.) — (Pin) 

By manipulating these relations, 

(P,.) may be eliminated, 

(P.) = (Pi) (2/1—n) 

Since temperature rise is propor- 
tional to losses, this last expression 
represents the relationship between P, 
and efficiency for a given temperature 
rise (assuming negligible iron satura- 
tion, which is usually the case in higher 
frequency components). This relation- 
ship is plotted in Fig. 18, which shows 
the sharp increases in output in a given 
frame size as efficiency is increased. 
P,, is approximately proportional to the 
temperature rise, AT. If T, represents 
the maximum ambient temperature, 
and T,,ax, the maximum permissible 
temperature within the motor, then 

T, + AT = Teas and 

AT = k P,, where k is a propor- 

tionality factor depending upon 

motor size and cooling. 

Then, solving, 

Py, = (Tmax—T,)/k which may be 

substituted in the above equation 

relating output and_ efficiency. 

Py = (Tmax—Ta) /k(7/1—n) 

This last relationship shows that 
motor output depends not only on its 
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Fig. 18 

electrical preformance, but directly on 
the ambient temperture, and the maxi- 
mum permissible internal temperature. 
And since k is inversely proportional 
to the efficiency of cooling, the power 
output may be increased in many in- 
stances by factors of 2 or 3 by incor- 
poration of improved cooling tech- 
niques such as an internal fan. 

Fan cooling, while generally very 
desirable, presents special problems in 
variable speed motors where cooling 
is sharply cut at low speeds (where it 
is probably most needed) and _sub- 
tracts appreciable mechanical power at 
high speeds. 

Maximum output is usually derived 
from high speed motors. High fre- 
quency units are becoming more and 
more prevalent in missile applications. 
High frequency generators deliver high 
output on a given frame size. These 
units operating in the vicinity of 1000- 
2000 cycles are increasing in impor- 
tance. On the other hand bearing life 
is sharply reduced, particularly when 
high-speed and high temperature are 
encountered simultaneously. Gear re- 
duction units also present more of a 
design problem at high speeds. 

On the other side of the picture, 
400 cycle motors are often required in 
redesigned equipment to substitute for 
60 cycle motors. Here a typical specifi- 
cation may require a motor speed of 
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3000-4000 rpm, requiring 12 or more 
poles. So many poles means low effi- 
ciency in the smaller frame sizes. As 
a matter of fact, depending upon the 
slot combination, the large number 
of poles may not even be feasible. 

Pump and oil well applications call 
for motors to operate totally sub- 
merged in fluid. Although the fluid 
may present significant drop, cutting 
down available output, it is an ex- 
cellent means of cooling, substantially 
lowering temperature rise, or increas- 
ing permissible output. If the fluid 
serves as a good bearing lubricant, the 
bearing life problem is markedly al- 
leviated. Resin encapsulation of the 
windings is generally required. Com- 
patibility between exposed surfaces 
and fluid must be checked. 





WORTH FILING 
Belleville Spring Washers 


Designers frequently turn to Belleville 
Spring when they need high loads in 
a limited space, constant force springs 
or temperature compensated springs. 
However, selection procedures can get 
bogged down because of the many 
variables in the design equations— 
particularly if you select these springs 
occasionally. Now, you can manipu- 
ate these variables with a minimum of 
trial and error by means of charts and 
plots containing the basic design formu- 
las. Selection and design techniques 
are detailed and explained with a high 
degree of humidity in eight pages. 
Sourc2: Wallace Barnes Co. 
Div. of Associated Spring Corp. 


Syracuse, New York 
For your copy: Circle No. 162 on Inquiry Card 


WORTH FILING 
Low-Temp Test Chambers 


Two new specialized cooling units: One 
model facilitates chilling of wing struc- 
tures to —120 F, while requiring only 
a minimum amount of space. Dimen- 
sions are 92” high x 58” wide x 94” 
long. Second unit was designed for 
multiple testing at low temperature; 
equipped with three stainless steel test 
cells, each having a net test area of 14” 
long x 14” wide x 14” deep, the fol- 
lowing operation is provided. Test cell 
“A” provides a test temperature adjust- 
able from 0 to —20 F; test cell “B” 
from —35 to —45 F; and test cell “C” 
from —60 to —75 F. Outside cabinet 
dimensions are 46” High x 58” Long 
x 37” Wide and weight is 400 Ibs. 
source: Cincinnati Sub-Zero Products, 


Cincinnati, Ohio 
For your copy: Circle No. 148 on Inquiry Card 
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motor 
cOmMponents 


ATTENTION: Motor and Synchro Manufacturers 


SUPPLEMENT YOUR OWN FACILITIES AND REDUCE COST 
BY "CELCO'S" UNUSUAL MANUFACTURING SERVICE 


Stators: 


Motor, Synchro or generator 
stators wound & vacuum impreg- 
nated. Class B or high tempera- 
ture class H windings are our 
specialty. 
















Rotors: 


Centrifugally cast squirrel cage 
rotors for dense, uniform rotor 
bars & end rings — assures, 
realization of performance speci- 
fications. 














Field Coils: 


Manufacture of field coils using 
silicone, teflon and formvar coated 
wires for tight space requirements 
is routine at “Celco™. 


Armatures: 


All types of armatures wound and 
vacuum impregnated. Customer 
supplied cores or “Celco" will 
tool, and fabricate completely. 


Celco does not manufacture complete motors. Our engineering 


and production know-how is devoted to the specialized manu- 
facture of precision motor components, particularly for the aircraft, missile, 
and high quality commercial motor, synchro and generator producers. 
"Celco"™ is equipped to tool and fabricate stators, rotors and armatures 
completely or wind customer supplied stator, rotor or armature cores. 
Reduce your cost. Take advantage of our low pricing and timely deliveries. 


elco 








Engineering and sales service only hours frem 
your plant by Celco’s Beechcraft Bonanza. 








Constantine Engineering Laboratories Co. 


70 ISLAND AVENUE, MAHWAH, NEW JERSEY 
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Better shape factor 
over wider frequency range 


DAVEN’S NEW “EGG CRATE” LC FILTERS 


Center frequency: covers the range from 0.4 MC to 60.0 MC de- 
pending upon specific requirements. Center frequency stability: 
1.0 KC per MC from -55°C to +105°C. Shape factor: 
BWeo/BWe to 2.1. Shape factors can be modified for optimum 
time delay. 


Daven’s new LC filters are ideal for shaping the pass band 
of AM/FM or FM/FM data link receivers, double or single side 
band receivers and generators, direction finding receivers, com- 
munication and telemetering receivers, and spectrum analyzers. 


Write today for complete, newly-published technical data. 


“DAVEN= 


TODAY, MORE THAN EVER, THE DAVEN ©) STANDS FOR DEPENDABILITY 
CIRCLE 63 ON INQUIRY CARD 


LIVINGSTON 
NEW JERSEY 
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IMMEDIATE 
DELIVERY 
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PRICES 





MINIATURE 


HOLLOW 








Shown 


2 times il 7 NY 
actual ; i hho, 


DIFFEREN TIAN 


STAINLESS STEEL 






Cat. +HSD559-4 shown 
for mounting on .062 Send for 


shaft, (4) ABECY ball en | 
bearings, clearance dia. Supplement “C | _ 
0.580”, displacement D) a | 
15’ are. ee 
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GEAR CO. INC. 
20 Merrick Road 
Amityville, N.Y. 
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Inquiry Page 
Number ADVERTISERS Number 
A 
. AcE Ptuastic Co. ° 
‘ AERO RESEARCH INSTRUMENT Co., INC. ; 
” ALDEN Propucts Co. : 
, ALLENAIR Corp. ° 
61 AMERICAN ELECTRONICS, INC. 73 

(Instrument Div. ) 

i. AMERICAN SEALANTS Co. 5 
40 AMPERITE Co. 43 
70 AMPHENOL-BorRG ELECTRONICS CoRP. 39 

(Borg Equipment Div.) 

, ASSOCIATED SPRING Corp. e 
18 AUTOMATIC ELECTRIC Co. 23 
B 
49 B & H InstruMENT Co., INC. 79 
52 BARBER-COLMAN Co. 62 
53 BARBER-COLMAN Co. 63 
12 BARDEN Corp., THE 17 
19 Brrp, Ricuarp H., & Co. 24 
47 BopinE ELectric Co. 46 
2 Bourns LABORATORIES, INC. . 
. BowMAR INSTRUMENT Corp. 9 
60 BREVEL Propucts Corp. 72 
23 BrisToL Co., THE 29 
1 BurNby Corp. 2 
Cc 
10 CARTER Motor Co. 15 
56 CENTRALAB 67 

(Div. of Globe Union, Inc.) 

” CoLe HERSEE Co. 

68 ComarR ELEctTric Co. 80 
. CONNECTICUT HARD RUBBER Co, ° 
4 CONSOLIDATED CONTROLS CORP. ° 
4 CONSOLIDATED ELECTRODYNAMICS CORP. 6 

66 CONSTANTINE ENGINEERING LABS 75 
. CUNNINGHAM, JAMES, SON & Co., INC. . 

D 
63 DAVEN Co., THE 76 
58 DayYsTROM PACIFIC Cover 4 
(Div. of Daystrom, Inc. 

64 Dynamic GEAR Co., INC. 76 
. DYNAMIC RESEARCH CORP. . 
E 
38 EASTERN Arr DEVICES 50 
ff Epison, THomas A., INDUSTRIES 1] 
69 ELECTRICAL INDUSTRIES Cover 2 

(Div. of Philips Electronics, Inc.) 

2 ELEcTRO SwitcH Corp. 3 

. ELECTROSNAP CORP. 

- ELcIn NATIONAL WATCH 

(Advance Relays) 
. ENGLEHARD INpbustTRIES, INC. “ 
G 

26 GEAR SPECIALTIES, INC. 31 

21 GENERAL ELectric Co. (DSD) 26 

57 GENERAL ELectric Co. (HMED) 69 

33 GENERAL ELectric Co. (LMED) 36 

71 GLoBE INpusTRIEs, INC. Cover 3 

43 GRAPHIC SYSTEMS 30 

59 Gries REPRODUCER CORP. 72 

17 GUARDIAN ELEcTRIC MFc. Co. 22 
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